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This revised edition of the Aircraft Crash Survival Design Guide (ACSDG)

vas prepared to assist those design engineers responsible for the incor-
poration of crashworthiness into the design of helicopters, light fixed-wing
aircraft, and tilt rotor aircraft, Also, this gquide may be used in the
evaluation of the level of crashworthiness design available in the various
types of aircraft.

This report documents the components and principies of crashworthiness

and suggests specific design criteria. In general, a systems approacn

is presented fur providing a reasonable level of aircrew and aircraft protec-
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and USARTL-TR-79-22A thru E. This edition consists of a consolidation

of up-t -date design criteria, concepts, and analytical techniques developed
through research programs sponsored by this Directorate and ¢thers over

the past 27 years.
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The technical monitors for this program were Messrs, LeRoy Burrows, Harold
Holland, and Kent Smith of the Safety and Survivability Technical Area,
Reronautical Systems Division, Aviation Applied Technology Directorate.
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PREFACE

This report was prepared for the Safety and Survivability Technical Area of
the Aviation Applied Technology Directorate, U.S. Army Aviation Research and
Technology Activity (AVSCOM), Fort Eustis, Virginia, by Simula Inc. under Con-
tract DAAJ02-86-C-0028, initiated in September 1986. This guide is a revi-
sion of USARTL Technical Report 79-22, Aircraft Crash Survival Design Guide,
published in 1980.

A major portion of the data contained herein was taken from U.S5. Army-
sponsored research in aircraft crash resistance conducted from 1960 to 1987.
Acknowledgmeni is extended to the U.S. Air Force, the Federal Aviation Admini-
stration, NASA, and the U.S. Navy for their research in crash survival.
Appreciation is extended to the following organizations for providi:ng acci-
dent case histories leading to the establishment of the impact counditions in
aircraft accidents:

'] U.S. Army Safety Center, Fort Rucker, Alabama.
(] U.S. Naval Safety Center, Norfolk, Virginia.

0 U.S. Air Force Inspection and Safety Center, Norton Air Force Base,
California.

Information was also provided by the Civil Aeronautics Board, which is no
longer in existence,

Additional credit is due the many authors, individual companies, and
organizations listed in the bibliographies for their contributions to the
fieid. The contributions of the following authors to previous editions of
the Aircraft Crash Survival Design Guide are most noteworthy:

D. F. Carroil, R. L. Cook, S. P. Desjardins, J. K. Drummond, J. L. Haley,
Jr., A. D. Harper, H. G. C. Henneberger, N. B. Johnson, G. Kouroukiis,
Dr. D. H. Llaananen, P. A. Rakszowski, W. {I. Reea, M. J. Reilly,

S. H. Robertscn, J. Shefrin, L. M, Shaw, G. T. Singley, IIl, A. L.
Tanney, Dr. J. W. Turnbow, and L. W. T. Weinberg.

This volume was prepared Ly Richard E. Zimmermann and Norman A. Merritt of
Simula Inc. Technical review and comments were provided by S. P. Desjardins
of Simula Inc.

Volume I iy a compilation of c¢riteria and checklists for the design of crash-
resistant mititary aircraft. The crileria have been assembled in this one
volume for the convernience of those involved in the design or evaluation of
the overall aiveraft and for use as a concise criteria reference. Additional
background information is provided in Volumes IT through V.

The design criteria conlained in this volume are the result of studies made
of crashes and experionce gained during the design and manufacture of mili-
tary aircraft.
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TNTRODUCT ION

For many years, emphasis in military aircraft accident investigation was placed
on determining the cause of the accident. Very Tittle effort was expended on
the crash survival aspects of aviation safety. However, it became apparent
through detailed studizs of accident investigaiion reports that significant
improvements in crash survival could be made if consideration were given in the
initial aircraft design to the following factors that influence survivability:

1. Crash Resistance of Aircraft Structure - The ability of the aircraft
structure to maintain Tiving space for occupants throughout a crash.

2. Tiedown Strength - The strength of the linkage preventing occupant,
cargo, ur equipment from breaking free and becoming missiles during
a crash sequence.

3. Occupant Acceleration During Crash Impact - The intensity and
duration of accelerations experienced by occupants (with tiedown
assumed intact) during a crash.

4, Occupant Crash Impact Hazards - Barriers, projections, and loose
equipment in the immediate vicinity of the occupant that may cause
contact injuries.

5. Postcrash Hazerds - The threat to occupant survival posed by fire,
drowning, entrapment, exposure, etc., following the impact sequence.

Early in 196G, the U.S. Army Transportation Research Command* initiated a
long-range program to study all aspects of aircraft safety and survivabilty.
Through a series of contracts with the Aviat? n Safety Engineering and Re-
search (AvSER) Division of the Flight Safety Foundation, Inc., the problems
associated with occupant survival in aircraft crashes were studied to deter-
mine specific relationships among crash forces, structural failures, crash
fires, and injuries. A series of reports covering this effort was prepared
and distributed by the U.S. Army. beginning in 1960. In October 1965, a
special project initiated by the U.S. Army consnlidated the design criteria
presented in these reports into one technical document suitable for use as a
designer’s quide by military aircraft design engineers. The document was to
be a summary of the current state of the art in c¢rash survival design. The
Crash Survival Design Guide, TR 67-22, published in 1967, realized this goal.

Since its initial publication, the Design Guide has been revised and expanded
four times to incorporate the results of continuing research in crash resis-
tance technology. The third edition, publisted in 1971, wa+s the bhasis for
the ¢riteria contained in the original version of tha Army’s military stan-
dard M{L-STD-1290, "Lignt Fixed- and Rotary-Wing Aircraft Crash Resistance"
(Reference 1). Tha fourth edition, pubiished in 1980, entitled Aircraft
Crash Survival Design Guide, expanded the document to five valumes, which

have been updated by the current edition to include information and changes

*Now the Avialion Applied Technology Directorate, U.S. Army Aviation Research
and Technolcyy Activity, U.S. Ariny Aviation Systems Command (AVSCOM).
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developed from 1980 to 1987. This current edition, the fifth, contains the
most comprehensive treatment of all aspects of aircraft crash survival now
documented. It can be used as a general text to establish a basic under-
standing of crash impact conditions and the techniques that can be employed
to improve chances for survival. It also contains design criteria and check-
Tists on many aspects of crash survival and thus can be used as a source of
design requirements.

It should be emphasized that the Design Guide is to be used as a guide, not as
a specification. System specifications should reference applicable crash-
resistant design specifications, such as MIL-STD-1290, MIL-S-58095, and
MIL-S-85510, or should include specific criteria selected from the Design
Guide or other sources.

The current edition of the Aircraft Crash Survival Design Guide is also
published in five volumes. Volume titles and general subjects included in
each volume are as follows:

Volume I - Design Criteria and Checklists

Pertinent criteria extracted from Volumes II through V, presented in the
same order in which they appear in those volumes.

Volume II - Aircraft Design Crash Impact Conditions and Human Tolerance

Crash impact conditions, human tolerance to impact, military
anthropometric data, occupant environment, test dummies, accident
information retrieval.

Volume III - Aircraft Structural Crash Resistance

Crash load estimation, structural response, fuselage and landing gear
requirements, rotor requirements, ancillary equipment, cargo restraints,
structural modeling.

Volume IV - Aircraft Saats, Restraints, Litters, and Cockpit/Cabin
Deletnalization

Operational and crash impact conditions, energy absorption, seat design,
litter requirements, restraint system design, occupant/restraint system/
seat modeling, delethalization of cockpit and cabin interiors.

Volume V - Aircraft Postcrash Survival

Postcrash fire, ditching, emergency escape, crash locator beacons.

In this volume (Valume I), Chapter 1 introduces and explains the intended use
of the material contained herein. Chapter 2 contains definitions of terms
used in the Design Guide. Chapters 3, 4, 5, and 6 contain the criteria and
checklists extracted from Volumes 11, III, IV, and V, respectively. The
reader of this volume is sirongly urged to familiarize himself with the
material in the other volumes, at least in his particular area of responsi-
bility (for example, seats and restraints or fuel systems), in order to
appreciate more fully the limitations of the criteria.




The criteria are supplemented by checklists that are intended for use by air-
craft designers in the original design stages and in the design review. These
checklists should help the designer apply the necessary criteria in a compre-
hensive and orderly manner during the development of crash-resistant designs
and provide a rapid and positive means of determining that none of the cri-
teria have been overlooked. The responses on the checklists also should aid
the designer in determining the strengths and weaknesses aof an existing or
proposed design.

After the designer has finished reviewing a system design, each item on the
applicable checklists should have a check mark in one of the spaces following
the item. Those items marked "NO" should be examined to determine the reason
for noncompliance with the design criteria. Unless the reason involves a con-
flicting, overriding requirement, the design should be revised tc meet the
crash-resistant criteria. Those items marked "N/A" should be carefully re-
viewed to be sure that the item is truly not applicable to the system under
consideration.

The units of measurement shown in the Design Guide vary depending upen the
units used in the referenced sources of information, but are mostiy USA

urits. In some cases the corresponding metric units are shown in parentheses
following the USA units. For the convenience of the reader a3 conversion table
of some commonly used units follows:

USA Unit Achr. or Symbgl Metric Equivalent Abhr. or Symbol
Weicht

Ounce 0z 26.350 grans g

Pound b or # 0.454 kilogram ko
Capacity

U.S. liguid)

F luidounce fl oz 29.573 milliliters wl

Pint pt 0.473 liter 1

Quart gt 0.946 liter 1

Gallon gal 3.789 liters 1
Length

Inch in. 2.54 centimeters cm

Foot ft 30.48 cent imnters cm

Yard yd 0.9144 meter m

Mile mi 1.609 kilometers km
Area . .

Square Inch sq in. or in.* 6.452 s5q centimeter sq ¢m or unz

Square oot sq 1L or ft 0.093 square meter sqg mor m
Yolume

Cubic Inch LU In. or ‘.n.3 16.367 cube centameters cu ¢m oor cm3

Cubi Foot cu ft or 1t.3 0.G28 cubl i meter cumor m
Forue

Found b 4. 4487 x lOr’ dynes

4.a4587 newiong N
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1. BACKGROUND DISCUSSION

The overall ohbjective of designing for crash resistance is to eliminate injur-
ies and fatalities in relatively mild impacts and minimize them in all severe
but survivable mishaps. A crash-resistant aircraft will also reduce aircraft
crash impact damage. By minimizing personnel and material Tosses due to crash
impact, crash resistance conserve:; resources, is a positive morale factor, and
improves the effectiveness of the fleet both in peacetime and in war. Results
from analyses and research have shown that the relatively small cost in dol-
lars and weight of including crasnu resistance features is a wise investment
(References 2 through 13). Consequently, new-generation Army rotavy-wing air-
craft are being procured to stringent, yet practical, requirements for crash
resistance.

To provide as much occupant protection as possible, a systems approach to
crash resistance must be followed. The systems approach to crash resistance
means that the landing gear, aircraft structure, and occupant seats must all
be designed te work tcgether to absorb the aircraft kinetic energy and slow
the occupants to rest without injurious loading, as shown in Figure 1 (Refer-
ence 14). In addition, the occupants must all be restrained and a protective
structural shell maintained around the occupied areas during a crash to pro-
vide a Tivable volume. Weapon sights, cyclic controls, glare shields, in-
strument pancls, armor panels, and aircrafl structure nust be delethalized if
they 1ie within the strike enveiope of the occupant. Postcrash hazards, such
as fire, entrapment, drowning, emergency egress, and rescue must also be
considered in an effective crash-resistant design.

Y

LARGE MASSES SLOWED
DOWN BY GEAR AND
FUSELAGE

SEAT
FUSELAGE

OCCUPANT SLOWLD DOWN
BY GLAR, FUSELAGE,

AND SCAT
;::14:1‘““‘ -
-

LANDING GEAR

FIGURE 1. ENCRGY MANAGEMLNT SYSTEM. (FROM REFERENCE 14)




The composition of the surface being impacted must also be considerad early in
the design phase, when decisions concerning the relative energy-ahbsorbing
roles of the landing gear, structure, and seats are made. When impacting on
hard surfaces, landing gear with high energy-absorbing capacity can protect
the fuselage from major damage during low-velociy impacts and provide occu-
pant protection during higher-velocity impacts. However, during impacts with
soft surfaces, such as water or marshy ground or uneven surfaces caused by
rocks, trees, etc., the force acting on the tanding gear may not be great
enough to activate its energy-absorption function, and it will not contribuie
at all to the occupant protective system. Aircraft with skids, instead of
wheels, could provide better protection in such impacts, because the greater
surface area of the skids would transmit a greater Toad and possibly activate
the landing gear energy absorbers. The surface conditions can also affect the
severity of the impact. Soft soil can deform and contrihute energy absorption

during a vertical impact. Soft soil can also cause plowing and rapid decelera-

ticn if there is a large horizontal velocity component. A vertical impaci on
water can be very severe, since the large aircraft fuselage area contacting
the water woyld result in high deceleration rales and various crash load
paths. A high-speed longitudinal impact into water can also cause high loads
from water plowing as waler enters through lower nose transparencies.

Thus it is usually not possible to design a system that relies only on one or
two of the three energy absorption features available (landing gear, struc-
ture, and seats). Now that more helicanters use retracting landing gears,
more emphasis on eneryy-absorbing fuselage understructure is required to con-
trol loads and permit the energy-absorbing seats to function. Even though it

is difficult to design for, and predict the behavior of, energy-absorbing fusc-

Tage structure, it is as important as the other components in the system.

The introduction of composite primary structure into modern aircraft presents
special problems for the designer dealing with crash resistance. The brittle
failure medes of most composites makes the design of energy-absorbing crush
able structures difficult, but not impossible. fortunately, other composite
materials are suitable for use in such fuselage structures. A more detailed
discussion of designing with composites is presented in Volume II11.

It would seem efficient to simply specify human tolerance requirements and an
array of vehicle ¢rash impacl conditions and then develop the helicopter as a
crash-resistant system with an efficient mixture of c¢rash-resistanl features
for that particular helicopter. However, available structural and human tol
erance analytical techniques nceded to perform, evaluate, and validate such a
maximum design freedom approach to achieving crash resistance are not suffi-
ciently comprehensive Lo be relied upon compictely,  furthermore, testing com
plete aircraft sufficiently carly in the development cycie Lo permit cvalua
tion of system concepts is not practical. The systems approach diciates that
the designer consider probable crash conditions wherein one or more subsystems
do notl perform their desired functions, for example, an impact situation in
which the Tanding gear does not absorb its share of the impact crash encoyy
because of aircraft attitude at impact. Therefore, to achieve the overall
goal, minimum Tevels of crash protection are recommended for the various
individual subsystems with balance between the two extremes of @ (1) defining
necessary performance on a component Tevel only, and (?2) requiring that the
aircraft system be designed oniy for impact conditions with no component,
design and test criteria,
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Current aivrcraft crash resistance criteria require that a new aircraft be de-
signed as a system to meet the vehicle impact design conditions recommended in
Verume 11; however, minimum ¢riceria are also speciiied for a number of crash-
critical cuwponents.  For excnple, minimune crash energy-ahsorpticn requirements
for seats and restraint systens and landing gear ate specifiey. AlT strength
requirements presented in this volume are based on the crash impact conditions
described in Volume IJ. Testing requirements are based on ensuring compliance
with strength and deformation requirements. Crash-resistance design criteria
for U.S. Army light fixed- and rotary-wing aircraft are stated in MIL-87D-1290
(Reference 1). A1l pilot, copilot, observer, and student seats in these air-
craft should conform to the requirements of MIL-5-58095 (Reference 15), while
passenger seats should conform to MIL-S-85510 (Reference 16).

Although much higher levels of crash resistance can be achieved during the de-
velopment of completely new aircraft designs, the crash resistance of existing
aircraft can be significantly improved through retrofitting these aircraft with
crash-resistant components adhering to the design principles of this design
guide. This can even be achieved while expanding the combat effectiveness of
the aircraftt. Examples of this are the successful programs to retrofit all
U.S. Army helicopters with crash-resistant self-sealing fuel systems (Refer-
ence 17) and the U.S. Navy program to retrofit the CH-46 SH-3, HH-3, and CH-53
helicopters (References 18, 19, and 20) with crash-resistant armored crewseats.

In an initial assessment, Lhe definition of an adequate crash-resistant struc-
ture may appear te be relatively simple. In fact, many influcncing parameters
must be considered before an optimum design can be finalized. A complete sys-
tems approach (as summarized in Figure 2) shouid be employed to include all
influencing parameters concerned with the design, manufacture, overall perfor-
mance, and economi¢ canstrainls on the aircraft in meeting mission require-
ments. Trade-offs among the parameters must be made in order to arrive at a
final design that most closely meets the customer’s specifications. Each type
of aircraft may require a different emphasis in the parameler mix. Table 1
summarizes major crash resistance criteria that should be considered during the
preliminary design phase.
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TABLE 1.

CRASH-RESISTANCE CRITERIA FOR THE PRELIMINARY DESIGN PROCESS

Crash Scenarios

Primary Structure

Energy A. sorption

Postcrash
Requirements

MI1L-STD-1299
def ines predom-
inant impact
conditions

Single axis and

combination of:

- Vertical impact

- Longitudinai
impact

Lateral impact

Post impact
Rollover
Pitchover
Nose plowing

# Support of large
mass items

e Support of sys-
tems

e Occupant support
and protection

e Cargo contain-
ment and tiedown

e Support of land-
ing gear loads

¢ Space consistent
with occupant
strike envelope

e Emergency exit
structure

Landing gear

Controlled struc-
tural collapse

Crash-resistant
energy-absorbing
seats

Shedding of large
mass items:

- Engines

- External stores
- Tail boom

{Shed items must
not impact occu-

pied areas)

Controlled
displacement of:

- Transmissions
- Rotor heads

Impacted surface
{soft ground etc.)

e Emergency egress ©

- QOccupant release
from seats

- Door/exit
openinj

- Accessipnility
and illumination
of exits

e Minimization of
postcrash tire
hazards

- Fuel containment

- 011 and hydraulic
fluid containment

Fuel modification

- Ignition source
contral

s Reduced material
flammability,
smoke and
toxicity




2. DEFINITIONS

2.1 AIRCRAFT COORDINATE SYSTEMS AND ATTITUDE PARAMETERS

. Aircraft Coordinates

Positive directions for velocity, acceleration, and force components
and for pitch, roll, and yaw are illustrated in Figure 3. When re-
ferring to an aircraft in any flight attitude, it is standard prac-
tice to use a basic set of orthogonal axes as shown in Figure 3,
with x, y, and z referring to the longitudinal, lateral, and verti-
cal directions, respectively.

NOTE: RIGHT-HAND RULE DOES NOT APPLY.

FIGURE 3. AIRCRAFT COORDINATES AND ATTITUDE DIRECTIONS.

However, care must be exercised when analyzing ground impact cases
where structural failure occurs, aircraft geometry changes, and
reaction loading at the ground plane takes place. In the simulation
of such impacts, it is often necessary tc use more than one set of
reference axes, including the earth-fixed system shown in Figure 3
as X, Y, Z.




. Attitude at Impact

The aircraft attitude, with respect to the aircraft coordinate sys-
tem, in degrees at the moment of initial impact. The attitude at
impact is stated in degrees of pitch, yaw, and roll (see Figure 3).

Aircraft pitch is the angle between its longitudinal axis and a
horizontal plane. Pitch is considered positive when the nose of the
aircraft points above the horizon and negative when it points below
the horizon. VYaw is measured between the aircraft’s longitudinal
axis and the flight path. Rnll is the angle between an aircraft
lateral (y) axis and the horizontal, measured in a plane normal to
the aircraft’s longitudinal axis.

° Flight Path Angle

The angle between the aircraft flight path and the horizontal at the
moment of impact.

(] Terrain Angle

The angle between the impact surface and the horizontal, measured in
a vertical plane.

& Impact Angle

The angle beiween the flighl path and the t-rrcin, measured in a
vertical plane. The impact angle is the algubraic sum of the flight
path angle plus the terrain angle.

/
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2.2 ACCELERATION-RELATED TERMS
. Acceleration

The rate of change of velocity. An acceleration is required to
produce any velocity change, whether in magnitude or in direction.
Acceleration may produce either an increase or a decrease in veloc-
ity. There are two basic types of acceleration: 1linear, which
changes translational velocity, and angular (or rotational), which
changes angular (or rotational) velocity. With respect to crash im-
pact conditions, unless otherwise specified, all acceleration values
are those at a point approximately at the center of the floor of the
fuselage or at the center of gravity of the aircraft.

° Deceleration
Acceleration in a direction tec cause a decrease in velocity.

¢ Abrupt Accelerations

Accelerations of short duration primarily associated with crash
impacts, ejection seat shocks, capsule impacts, etc. One second is
generally accepted as the dividing point between abrupt and pro-
longed accelerations. In abrupt accelerations the effects on the
human body are limited to mechanical overloading (skeletal and soft
tissuc stresses), there being insuifTicient time for functional
disturbances due to fluid shifts.

) The Tern_G

The ratio of a particular acceleration (a) to the acceleration (9)
due to gravitational attraction at sea level (32.2 {t/sec®);

G = a/g. In accordance with common practice, this report will refer
to accelerations measured in G. To illustrate, it is customarily
understood_that 5 G represents an acceleration of 5 x 32.2, or

161 ft/sec?,

() Rate of Onset

Rate of application of G's, expressed in G's per second (rate of
change of acceleration).

Rate of Onset =

DID
[ad 2]

{G's per second)

2.3 VEIQCITY-RELATED TERMS

(] Velocity Change in Major Impact (Av)

The decrease in velocity of the airframe during the major impact,
expressed in feet per second. The major impact is the one in which
the highest forces arc incurred, not necessarily the initial
impact. For the acceleration pulse shown in Figure 4, the major
impact should be considered ended at time t,. Elastic recovery in

11




PLAK

AVERAGE

ACCELERATION (G)

FIGURE 4. TYPICAL AIRCRAFT FLOOR ACCELERATION PULSE.

the structure will tend to reverse the direction of the aircraft
velocity prior Lo t,. Should the velocity actually reverse, its
direction must be considered in computing the velocity change. For
example, an aircraft impacting downward with a vertical velocily
component of 30 ft/sec and rebounding with an upward comporent of

5 ft/sec should be considered to experience a velocity change

Av = 30 - {-5) = 35 ft/sec
during the major impact. The velocity change during impact is

further explained in Section 7.1 of Volume III. ’

Longitudinal Velocity Change

The decrease in velocity during the major impact measured along the
longitudinal (roll1) axis of the aircraft. The velccity may or may
not reach zero during the major impact. For examp'ec, an aircraft
impacting the ground at a forward velcocity of 100 ft/sec and slowing
to 35 ft/sec would experience a lonyitudinal velocily change of

65 ft/sec during this impact.




- 2.4

. Vertical Velocity Change

The decrease in velocity during the major impact measuved along the
vertical (yaw) axis of ar aircraft. The vertical velocity generally
reaches zero during the major impact and may reverse if rebound
occurs.

° Lateral Velocity Change

The decrease in velocity during the major impact measured along the
lateral (pitch) axis of the aircraft

FORCE TERMS
° Load Faclor

A crash force can be expressed as a multiple of the weight of an
object beiny azcelcrated. A crash load factor, whea multiplied by a
weight, produces a force which can be used to establish ultimate
static strength (see Static. Strength). Load factor is expressed in

units of G.

) Forward Load
Loading in a direction toward the nose of the aircraft, parallel to
the airceraft longitudinal {roil) axis

' Aftward Load

Loading in a direction toward the tail of the aircraft, parallel to
the 2ircraft lorgicudinal (roil) axis.

® Downward toad

loading in a dcwnward direction parallel to the vertical (yaw) axis
of the aircraft.

. Upward |.gad

Loading in an upward divection paraliel to the vertical (yaw) axis
of the aircraft.

6 Lateral load

Loading in a direction parallel to the lateral {(piich) axis of the
aircraft.

v Combined Load

Loading consisting of components in more than one of the directions
described in Section 2.1.

13




e Lrash Force Resultant

The geometric sum of herizontal and vertical crash forces: horizon-
tal and vertical velocity cowmponents at impact, and horizental and
vertical stoppina distances. The crash force resultant is fully
defined by determination of both its magnitude and its direction.
The algebraic sign of the resultant crash force angle is positive
when the Tine of action of the resultant is above the horizontal,
and negative if the line of action is below the horizontal.

. Crasn Furce Angle

The angle beiween the resultant crash force and the longitudinal
axis of the aircraft., For impacts with little lateral component of
torce, the crash force angle is the algebraic sum nf the crash force
resultant angle plus the aircraft pitch angle.
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rd
/
RESULTANT fG»cmscu

CRASH FORCE /

[
/A\f C_l . BESULTANY ANGLE
S

G HORIZONTAL

2.5 DYNAMICS TERMS

(] Rebound
Rapid return toward the original position upon release or rapid
reduction of the deforming load, usually associated with elastic
deformation.

° Dynamic Overshoot

The amptification of decelerative force on cargo or personnel above
the floor input decelerative force (ratio of output to input). This
amplification is a result of the dynamic vresponse of the system.
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dransmissibilicy

The amplification of a steady-state vibrational irput amplitude
(ratio of output to input}. Transmissibililies maximize at resonant
frequencies and may increase acceleration amplitude similar to
dynamic overshoot.

2.6 CRASH SURVIVABILITY TERMS

. ]

urvivable Accident

An accident in which the forces transmitied to the occupant through
the seat and restraint system do not exceed the 1imits of human
tolerance to abrupt accelerations and in which the structure in the
occupant’s immediate environment rvemains substantially intact tu the
extent that a Tivable volume is proviced for the Gocupants through-
out the crash sequence,

Survival finvelope

The range of impact conditions, including magnituce and directior of
pulsec and duration of forces occcurring in an aircraft accident,
wherein the occupiable area of the aircraft yemains substantially
intaci, boih during and folilowing the impact. and the forces trans-
mitied to the occupants do not exceed the i-°mits of human tolerance
when current state-of-tie-art ra-traint systems are used.

It should be noted that, where the occupiable volume is altered ap-
preciably through elastic defo:mation during the impact phase, sur-
vivable coruditicirs may not lave existed in an accident that, from
postcrash inspection, outwardly appeared to be survivable.

Strike Envelope

The extent of space surrounding a restrained occupant defined by the
flailing of extended body parts during a crash impact of the air-
craft. Parts of the body may strike objects located within this
envelope.

2.7 OCCUPANT-RELATED TERMS

Human Body Coordinates

In order to minimize the confusion sometimes created by the terminol-
ogy used to describe the directions of forces applied to the body, a
group of NATO scientists compiled the accelerative terminology tabie
of equivalents shown in Figure 5 (Reference 21). Terminology used
throughout this guide is compatible with the NATO terms as
jllustrated.




Headward
(+G_) Direction of
2 accelerative force

Vertical

Headward - Eyeballs-down

Back to chest Tailward - Eyeballs-up

{sternumward) Lateral right
- Transverse

(+G_)
Y Lateral right - Eyeballs-
left -
Lateral left - Fyeballs-
right
Back to chest - Eyeballs-
) in
Lateral left Chest Chest to back - ggiballs~ .
(-G_) to back
Y (spineward) Note:
Tailward (-Gx) The accelerative force on
(-G_) the body acts in the same :
z direction as the arrows. -
FIGURE 5. TERMINOLOGY FOR DIRECTICNS OF FORCES ON THE BODY. fﬁ

& Anthropomorphic_ Dummy

A device designed and fabricated to represent not only the appear-
ance of humans but also the mass distribution, joint locations,
motions, geometrical similarities (such as flesh thickness and load/
deflection properties), and relevant skeletal configurations (such as .
iliac crests, ischial tuberosities, rib cages, etc). Attempts are 0
also made to simulate human response of major structurdal assemhlages -
such as thorax, spinal column, neck, etc. The dummy is strapped ‘|
into seats or litters and used to simulate a human uccupant in
dynamic tests.

® Human_Tolerance ’ -

For the purposes of this document, human tolerance is defined as a
selected array of parameters that describe a condition of deceler-
ative loading for which it is believed there is a reasonable proba-
bility for survival without major injury. As used in this volume, N
designing for the limits of human tolerance refers to providing %
design features that will mainlain these conditions al or below

their tolerable levels to enable the occupant to survive the given
crash impact conditions. y
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Obviously, the tolerance of the human body to crash impact condi-
tions is a function of many variables including the unique character-
istics of the individual person as weli as the loading variables.
The loads applied to the body include decelerative loads imposed by
seats and restraint systems as well as localized forces due to im-
pact with surroundinyg structures. Tolerable magnitudes of the decel-
erative loads depend on the direction of the load. the orientation
of the body, and the means of applying the load. For example, the
critical nature of loads parallel to the occupant’s spine manifests
itself in any of a number of spinal fractures, but typically the
fracture is an anterior wedge, or compressive failure of the front
surface of a vertebra. Tlorces perpendicular te the occupant’s spine
can produce spinal fracture through shear failures or from hyper-
flexion resuiting, for example, from jackkrife bending over a
lap-belt-only restraint. The lap belt might inflict injuries to the
internal organs if it is not retained on the pelvic girdle but is
allowed to exert its force above the iliac crests in the soft
stomach region, Excessive rotational or linear acceleration of the
head can produce concussion. Further, skull fracture can result
from localized impact with surrounding structure. Therefore, toler-
ance is a function of the methed of occupant restraint as well as
the characteristics of the specific occupant. Refer to Volume II
for a more detailed discussion of human tolerance.

Submarining

Rotation of the hips under and ahout the lap bhelt as a result of a
forwaird inertial load exerted by deceleration of the thighs and
Tower leygs, accompanied by lap belt slippage up ard over the iliac
crests. Lap belt slippage up and over the iliac crests can be a
direct result of the upward pull of the shoulder harness straps at
the middle of the lap belt.

Effective Weight

The portion of occupant weignt supported by the seat with the occu-
pant seated in a normal flight position. Since the weight of the
feet, lower legs, and part of the thighs is carried directly by the
floor through the feet, this is considered to be 80 percent of the
occupant weight plus the weignt of the helmet and any equipment worn
on the torso. Clething, except for boots, is included in the occu-
panl weight.

1liac Crest Bone

The upper, anterior portion of ihe pelvic (hip) bone. These
"inverted saddle" bones are spaced laterally about 1 ft apart; the
lTower abdomen rests between these crest bones,

Lap Beli Tiedown Strap (also Negative-G Strap, Crotch Strap)

Strap used to prevent the tensile force in shoulder straps from
pulling the lap belt up when the restrained subjecl is exposed to
-G, (eyeballs-oul) acceleration.
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2.8

BACK ANCGLLS

SEATING GEOMETRY {See Figure 6)

UISTANCE FROM DESIGN FYE POSITION TO YCRTICAL PLANE OF
NEUTHAL SEAT REFERERCE POINT FOHR VAHIOUS SFAT
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DY)

6. SEATING GLOMETRY. (REFERENCE 22)
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Design_Eye Position

A reference datum point based on Lhe eye location that permits the
specified vision envelope required by MII-STD-850 (Reference 23),
allows for slouch, and is the datum point from which the aircraft
station geometry is constructed. The design eye position is a fixed
poin{ in the crew station, and remains constant for pilots of all
stature via appropriate seat adjustment.

Horizontal Vision Line

A reference line passing through the design eyc position parallel to
the true horizontal in normal cruise position.

Back Tangent Line

A straight 1ine in the midplane of the secat passing tangent to the
curvatures of a seat occupant’s back when leaning back and natur-
ally compressing the back cushion. The seat back tangent line is

positioned 13 in, behind the design eye position measured alony a

perpendicular to the seat back tangent line.

Buttock Reference Ling

A line in the midplanc of the scal paraliel Lo the horizontal vision
line and tangent to the Towermost natural protrusion of a selected
size of occupant sitling on the scal cushion.

Noutrel Seat Reference Point (NSRP)

The intersection of the back tangent Tine and the buttock reference
line. The scat geometry and location are hased on the NSRP.  The
NSRE is set with the scat in the nominal mid-position of the secat
adjustment ranyge. This seat position will place the 50th -percentile
(scated height) man with his eye in the design eye position.

Buttock Keferepge Point

A poinl 5.7% in. forward of the seat reference point on the buttock
refercnce line. This point defines Lhe vertical and Tongitudinal
position of the approximate bottoms of the ischial tuberositics,
thus representing the lowesl points on the pelvic structure and the
points that will support the most load during downward vertical
loading.

Heel Rest ing

The reference Yine parallel Lo the horizontal vision line passing
under the tangent to the Towest point on the heel in the normal
operational position, not necessarily coincidental with the {loor
line,
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2.9 STRUCTURAL TVERMS

Airframe Structural Crash Resistance

The ability of an airframe structure to maintain a protective shell
around occupants during a crash and to minimize accelerations ap-
plied to the occupiable portion of the aircraft during crash im-
pacts.

Structural Integrity

The ability of a structure to sustain crash loads without collapse,
failure, or deformation of sufficient magnitude to: (1) cause
injury to personnel or (2) prevent the structure from performing as
intended.

Static Strength

The maximum static load which can be sustzined by a structure, often
expressed as a load factor in terms of G (see Load Factor, Sec-
tion 2.4). Also known as ultimate static load.

Strain

The ratio of change in iength to the original length of a loaded
component,

Coliapse

Deformation or fracture of structure to the point of Toss of useful
load-carrying ability cr useful volume.

Loss of 1oad-carrying capability, usually referring to structural
Yinkage rupture or collapse.

Limit Load
In a structure, Vimit load vefers to the Toad the structure will
carry before yielding., Similarly, in an enerygy-absorbing device, it

represents the toad at which the device deforms in performing its
function.

Load Limiter, Load tiwiting Device, or Energy Absorber

These are interchangeable names of devices used to Yimit the load in
a structure to a presclected value. These devices absorb energy by
providing a resistive force applied over a deformalion distance
without significant elastic rebound,

Specifie Lnergy Absorbed (SEA)

The enerygy absorbed by a cenergy absorbing device or structure
divided by its weight,
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[ Bottoming

The exhaustion of available stroking distance accompanied by an in-
crease in force, e.g., a seat stroking in the vertical direction ex-
hausts the aviilable distance and impacts the floor. With respect
tc energy-absorbing structure, bottoming is a condition in which the
deforming structure or material becomes compacted and the load in-
creases rapidly with very little increased deformation.

) Bulkhead

A structural partition extending upwards from the floor and dividing
the aircraft into separate compartments. Seats can be mounted to
bulkheads instead of the floor,

. Basic Structural Design Gross Weight (BSDGW)

The structural design gross weight is cited in the MIL-STD-1374 (Ref-
erence 24), Part I, "Group “eight Statement-Dimarsional and Struc-
tural Data", an¢ is further explained in the detail system
specification for the aircraft.

2.10 FUEL, OIL, AND HYDRAULIC SYSTEi TERMS

n.,. ~ - + r b ~an bl
ash Resistant Tuel Tank

A tank which conforms to MIL-T-27422 (Reference 25).

] Crash-Resistant Tuel System

A fuel system designed to conform to MIL-T-27422, MIL-5TD-1290,
ADS118, and other related specifications and standards.

» Frangible Attachment

An attachment possessing a part that is designed to fail at a
predetermined location and/or load.

] ladder Tan
A flexible fuel tank, usually contained or supported by other more
. rigid structures.

. Fuel Pump

A pump installed in the fuel system to move fuel. Usually located
at onc or more of the foilowing places: the tank, the engine, or
tne interconnecting plumbing.

. tuel Valve

Any valve, other than a sclf-sealing breakaway valve, contained in
the fucl supply system, such as fuel shutoff valves, check valves,
ele.




¢ Self-Sealing Breakaway Valve

A valve, for installation in fluid-carrying lines or hoses, that
will separate at a predetermined 1cad and seal at one or both halves
to prevent dangercus flammable fluid spillage.

2.11 JIGNITICN SOURCE CONTROL TERMS
® Fire Curtain
A baffle made of fire-resistant material that is used to prevent
spilled flammabie fluids and/or flames from reaching ignition
sources or occupiable areas.

. Fire-Resistant Material

Material able to resist flame penetration for 5 min when subjected
to a 2000 OF flame and still be able to meet its intended func-
tion.

0 Firewall

A partition capable ot withstanding a 2000 OF flame over an area
of 5 sq in. for a period of 15 min without flame penetration.
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Any fluid that ignites readiiy in air, such as hydrocarbon fuels and
lubricants.

e Flow Diverter

A physical barrier that interrupts or diverts the filow of a Tiquid.

. Ignition Temperature

The lowest temperature at whirh a flammable mixture wiil ignite when
introduced into a specific set of circumstances.

(] Inerting

The rendering of an aircraft system or the atmosphere surrounding
the system incapable of supporiing combustion.

2.12 INTERIOR MATERIALS SELECTION TERMS

'} Autoignition Temperature

The lowest temperature at which a flammable substance will ignite
without the application of an outside ignition source, such as
flames or sparks.

° ilame-Resistant Material

Material that is self-extincuishing after removal of a flame.
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2.13

Flashover

The sudden spread of flame throughout an area due to ignition of
combustible vapors that are heated to their flash pecint.

Fiash Point

The lowest temperature at which vapors above a combustible substance
ignite in air when exposed to flame.

Intumescent Paint

A paint that swells and chars when exposed to flames,

Optical Density (D)

The optical density is defined by the relationship

< 100
DS = log T

where T is the percent of light transmission through a medium (e.g.,
air, smoke, etc.).
DITCHING AND EMERGENCY ESCAPE TERMS

Brightness

The Tuminous flux emitted per unit of emissive area as projected on
a piane normal to the line of sight. Measured in foot-lamberts.

Candela (cd)

A unit of Tuminous intensity equal to 1/60 of the luminous intensity
of one square centimeter of a blackbedy surface at the solidifica-
tion temperature of platinum. Also called candle or new candle.
Class A Exit

A door, hatch, canopy, or other exit closure intended primarily for
normal entry and exit.

Class B Exit

A door, hatch, or other exit closure intended primarily for service
or logistic purposes (e.g., cargo hatches and rear loading ramps or
clamshell doors).

Class C Exit

A window, door, hatch, or other exil closure intended primarily for
emergency evacuation.
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Cockpit Enclosure
That portion of the airframe that encloses the pilot, copilot, or
other flight crew members. An aircraft may have multiple cockpits,

or the cockpit may be physically integrated with the troop/passenger
section,

Ditching

The Tanding of an aircraft on water with the intention of abandoning
it.

Emergency Lighting

ITlumination required for emergency evacuation and rescue when
normal illumination is not available.

Exit Closure

A window, door, hatch, canopy, or other device used to close, fill,
or occupy an exit opening.

Exit Opening

An opening provided in aircraft structure to facilitate either
normal or emergency exit and entry.

Exit Release Handle

The primary handle, lever, or latch used to open or jettison the
exit closure from the fuselage to permit emergency evacuation.

Foot-candle (fc¢)

A unit of illuminance on a surface that is everywhere one foot from
a uniform point source of light of one candela.

Foot-lambhert (fL)

A unit of photometric brightness or luminous intensity per unit
emissive area of a surface in a given direction. One foot-lambert
is equal to 1/7 candela per square foot.

I1lumination

The Tuminous flux per unit area on an intercepting surface at any
given point. Measured in foot-candles.
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3. AIRCRAFT DESIGN CRASH IMPACT CONDITIONS AND HUMAN TOLERANCE

3.1 INTRODUCTION

Design criteria for aircraft crash impact conditions and the response of the
human body to those conditions are presented in this chapter. Principles,
data, and analysis methods that influence the survivability of aircraft occu-
pants in crash impact conditions are summarized. The reader is referred to
Volume II for a more complete discussion.

3.2 DESIGN CONDITIONS FOR_IMPACT

3.2.1 Applicatien

Although improvements in crash resistance can be achieved in existing air-
craft by retrofit systems, such as energy-absorbing seats or crash-resistant
fuel systems, the improvements are limited and may result in prohibitive
weight and cost penalties if requirements are too severe. Retrofit decisions
are made as the result of trade-offs between the benefits in survivability
and the penalties of cost and weight. An aircraft should be designed as a
system to provide the required occupart protection for the recommended veloc-
ity changes because deceleration is a design variable, a function of the
structural stiffness of the fuselage. Consideration of crash recistance in
design of the complete aircraft system eliminates many of the limitations
inherent in retrofit and makes pussible the design for more severe crash
impact conditions without significant weight penalties.

3.2.2 Deceleration Pulse Shape

Experimental data obtained in full-scale crash tests of helicopters, Tight
fixed-wing aircraft, and fixed-wing transports indicate that the deceleration
pulse shape for major impact in accidents can t2 represented to a satisfac-
tory degree for most engineering purposes by a triangle, as shown in Fig-

ure 4. Energy-absorbing landing gear on new aircraft will produce a Tower-
fevel deceieration piateau preceding the fuselage contact, thereby reducing
the energy that must be absorbed by fuselage crushing. However, the shape of
the deceleration pulse during fuselage contact with the ground will stili
approximate a triangle.

3.2.3 Impacted Surface

tatistically, the crash surface most frequently impacted is sod. It is
recommended that sod with a California Bearing Ratio (CBR) of 2.5 be accepted
as the standard for crash-resistance design. Trees are the second most
frequently impacted obstacle; however, the secondary (in this case, major)
impact would still be with sod.

3.2.4 Velocity Change

Velocity changes for crash survival design purposes are specified by MIL-STD-
1290. Table 2 gives these velocity changes in feet per second. In addition
to these conditions, the designer should consider longitudinal, lateral, and
vertical impacts where the aircraft has pitch, yaw, and/or voll relative to
the flight path, Attitude angles are presented in Volume II.
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TABLE 2. CRASH IMPACT DESIuN CONDITIONS, WITH LANDING
GEAR EXTENDED, MIL-STD-1290

Condition Impact D:irection Ob)ect Velecity Change
No. {Aircraft Axes) Impact _AV (ft/sec)
1 Longitudinal 20
{cockpit) Rigid .
2 Longitudinal vertical 40
{cabin) __barriers
0 Vertical* Rigid - 2
4 Lateral, Type 1** horvzontal 25
5 Lateral, Type 11***  surface 20
6 Combined high
angle* Rigid
Vertical horizontal 42 .
Longitudinal surface 27
7 Combined Tow
angle P lowed
Vertizal Soil 14
Longitudinal 100

*For the case of retracted landing gear the seat ard airframe com-
bination shali have a vertical crash impact design velocity change
capability of at least 26 ft/sec.

**Type 1 - Light fixed-wing aircraft.
***Type Il - Rotary-wing, including tilt-prop/rotor aircraft.
Note: See Volume II for vehicle attitude.

3.3 HUMAN TOLERANCE 7O IMPACT
3.3.1 General

Results of research on tolerance of the human body to impact forces are pre-
sented in Volume II, Chapter 5. Although numerous experiments have been con-
ducted and a wealth of information has been collected, very few criteria that
may be useful in system design have been developed and validated. 1n this
chapter, those criteria that are generally accepted for practical application
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in assessing the crash resistance of an aircraft system are presented. As
discussed here, these criteria may be used to determine the acceptability of
an aircraft or components, such as seats and restraini systems, based on the
results of dynamic testing with anthropomorphic dummies or computer simula-
tions, as discussed in Volume IV. Criteria are presented here only if vali-
dated quantitative values have been determined. Injuries to various body
parts are discussed in Volume II.

3.3.2 Whole-Body Tolerance

Tolerance of the human body to abrupt acceleration has been shown to depand
on the magnitude and duration of the applied force, as well as the direction
and rate of onset. Data presented by Eiband (Referance 26) for occupants
having upper torso restraint are summarized in Figures 7 and 8 for spineward
(-Gy) acceleration and in Figures 9 and 10 for headward (+G,) accele-
ratTon. Human tolerance to Tateral (G,) acceleration has not been exten-
sively studied. However, based on the testing that has been conducted, a
maximum Jaterzl accaieration of 20 G at & duration of 0.1 sec is suggested
for design.

An acceptable personnel restraint system for Army aircraft should include
upper torso restraint, regardless of seat orientation. However, for refer-
ence and for comparison with the above values, a spineward (-G,) human tol-
erance level of 20 G and a lateral (G,) level of 10 G are recommended for
lan-beit-only restraint. These 1eve1§ are based on experiments wilh human
subjacts in which minor trauma were experienced.

Although Figures 7 through 10 indicate the regions of acceleration and rate
of onset that may be cunsidered acceptable for the aircraft interior, they do
not permit complete evaluation of such protective systems as restraint sys-
tems, crergy-absorbing seats, or protective padding. Injury criteria for
critical body parts, such as the head and spinal column, must be employed in
order to answer such questions as whether a seat has sufficient stroking dis-
tance, or whether a given shouider belt webbing has acceptable stiffness.

b ] be - Vo = A -._. O .'J...._-
3.3.3 Head Injiury Criteria

Various criteria have been used as predictors of head injury. Cencussive
threshold values have been identified for four such criteria: peak G, peak
transmitted force, Severity Index, and Head Injury Criterion. The Sevarity
Index is cefined as

t
(s q
ST = |} a dt (1)
to
where SI = Severity Index
a = acceleration as function of time
n = weighting factor greater than 1
t = time
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SUBJECT SUPPORT
O Human Lap, shoulder, thigh,
and chest straps
() Human Lap, shoulder, thigh,
and chest straps
< Human Lap, shoulder, thigh, ———-
and chest straps
YV chimpanzee Malitary lap and shoulder
straps
/A Chimpanzee 3-in, cotton webbing, 5 Acceleration
horizontal, 2 vertical
straps
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FIGURE 8. INITIAL RATE OF CHANGE OF SPINEWARD ACCELERATION

ENDURED BY VARIQUS SUBJECTS. (FROM REFERENCE 26)

and the Head Injury Criterion (HIC) of Federal Motor Vehicle Safety Stan-
dard 208 is calculated according to

2.5
a(t)dt

2

t
1
HIC = max " j. (t, - t) (2)
tz tl { 2 1

1

where a is the resultant head acceleration, and t and to are any two
points in time during the crash event.
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Subject Support
8 Humar Lap and shculder otlraps
tHuman Face curtain, lap and shoulder straps,
, s0ft learher seat cushion
) Human Armrest (elbow only), lap and
shoulder straps, pacachute, 2-in. A
sponge~rubber cushiaon
v/ HKuman Armrest (elbow onlv), lap and
shoulder straps, woud bluck and
8pong --rubbey air cushion
[ Chimpanzee Supine; parachute-type restraint, Acceleraticn
ncluding lap and chest btraps
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FIGURE 10.

Aircrewmen have experienced concussive head injury from helmeted head impacts
that exceeded the following values for the four criteria: peak head accelera-
tions that exceeded 150 G, peak force Tevels transmitted to the head that
exceeded 1500 1b, Severity Index values that exceeded 600, and Head Injury
Criterion values that exceeded 500. These values should be taken as the

limits of human tolerance to concussion when using these (riteria as pre-
dictors of head injury.

3.3.4 Spinal Injury Criteria

Although the Dynamic Response Index (DR1), as illusirated in Section 5.9.2 of
Volume 1@, is the only model correlated extensively for ejection seat spinal
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injury prediction, it has serious shortcomings for use in accident analysis.
It assumes the occupant to be well restrained and erect, so that the loading
is primarily compressive, with insignificant bending. Although such condi-
tions may be assumed for ejection seats, they are less probable for helicop-
ter craches in which an occupant may be leaning to either side for better
visibility at the time of impact. Further, the DRI was correlated for ejec-
tion pulses of much longer duration than typical c¢rash pulses.

A more detailed model of the spinal column would yield more realistic re-
sults, but injury criteria for the more complex responses have yet to be
devcloped. Consequently, the DRI is not recommended as the critcerion for uce
in designing c¢rash-resistant seats. Rather, the data presented in Figure 8
are recommended for use until more comprchensive data and criteria are
developed.

3.3.5 Legq Injury Criteria

femoral fracture due to longitudinal impact on the knee has been studied
extensively, probably because of the frequency of this type of injury in auto-
mobile accidents. A criterion that assesses the dependence of the permis-
sible human knee load on the duration of the primary force exposure has been
suggested in Reference 27. The permissible peak knee load suggested for
design is given by

F = 2000, t > 20 msec (3)
where | is in pounds and t in msec.

3.3,6 Tolerance of Other Body Parts

Although some research has been conducted on the tolerance of other body
parts, such as the neck, thorax, and abdomen, well-defined, valid criteriz
have not been established. The results of this research are discussed in
Volume 11, Chapter 5.

3.4 HUMAN BODY DIMENSIONS AND MASS DISTRIBUTIONS

3.4.1 General

Anlhropometric measurements are external dimensions of the human body that
cen be used to define aircraft requirements such as scat height and width,
eye height, or cabin height. /A specialized type of anthropometric measure:
ment is the "Tink length,” or distance between joint centers, which can be
used in locating control positions and is essential for the design of mathe-
matical or physical simulators of the human body. TFinally, the inertial
properties of the body and parts of the body also are required in the design
of human simulators.
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3.4.2 Anthropometry

Two types of anthropometric measurements have been recorded, and the use of
both types in vehicle design has been summarized in Reference 28.

In the first type, conventionzal dimensions of the body with subjects in
rigid, standardized positions are easily obtained. Extensive collections of
such data are used in clothing design and may determine certain vehicle
design parameters including seat height and eye height. The anthropometric
data of greatest potential usefuiness, illustrated in Figure 11, for U.S.
Army male aviators ard soldiers of the 5th, 50th, and 95th percenti1es are
presented in Tables 3 and 4, respectively. Complete data can be found in

- References 29 and 30.
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FIGURE 11. CONVENTIONAL SEATED ANTHROPOMETRIC DIMENSIONS.

The sccond Lype of anthropometiric data, which may be referrced to as workspace
dimensions, is more difficult to obtain and can be applied only to the spe-
cific workspace studied. However, these workspace dimensions are essential
in designing aircraft interiors for maximum occupant protection.

Werkspace dimensions must involve a consideration of body joints, the dis-
tance belween them, and their range of motion. Dempster reported on an
extensive study of workspace requirements for secated operators, in which he
determined "Tink lengths™ between effective joint centers for major body
parts (References 31 and 32). These link Tengths have a number of crash
resistance-related applications: (1) in developing or expanding the sirike
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TABLE 3. SUMMARY OFf ANTHRCPOMCTRIC DATA FOR
U.S. ARMY MALE AVIATORS {REFERENCE 2€)

Percentile (1n,)
Measuremens ath 20th 95th
Weight {1%) 133.0 171.0 2lz.0
Stature a6 687 72.8
Seated hefght 33.7 3.8 37.9
Shoulder breadth 17.0 16.7 203
Functional reach 28.8 31.1 34.2
Hip breadth, sitting 13.7 14.8 16.7
Eye height, sitting 29.0 31.0 33.1
rnee height, sitting 19.3 20.6 22.6
Elbow rest hieight, sitting 7.4 9.1 10.8
Popliteal height | 16.6 18.3
Shaulder-elhow length 13.3 14 4 15.6
£ aw - f ingertip length 17.6 19.0 20.3
Buttovk-poplitaal length 17.7 19.3 21.0
Buttock-knee lnngth 22.0 23.7 254
TABLL 4. SUMMAHRY OF ANTHROGPOMLIRIC DATA FOR
FOR MALL SOLDILRS (RiFLRLNCL 27)
Pgreentile (40}
Measuremynt Oh Loth 95th
Weight () 124.0 1%6.0 202.0
Stature 01,4 64.7 73.)
Seated height 33.3 3.7 36.1
Shoulder hreadth 16.3 17.6 19.¢
Hip Lreadth, sitting 11.9 13.0 14.9
tye height, sittic k.6 31.0 33.3
Ynee height, sitting 15.¢ 21.3 23.1
Poniitee) height 16.0 175 19.2
Shoulder-elbew length 13.3 14y .7
Libow {ingertip length 17.4 18.8 20.4
Buttuck-popliteal length 18.0 1Y.b 71.3
Buttock-knee length 21.6 23.4 25.3

34




envelopes shown in Chapter 6 of Volume II, (2) in designing crash test dum-
mies, and (3) in providing numbers for mathematical simulators. Skeletal
Joint Tocations ard ranges of motion are presented in Section 7.2.3 of
Volume IT1.

3.4.2 1Inertial Propertics

Anthropomctric dummies and mathematical simulations require inertial proper-
ties of body scgments, specifically moments of irertia, mass, and center-of-
mass Yocations. Several studies of these properties have been made using
live humar. subjects and cadavers, and such data as have been obiained should
be integrated into the design of any anthropometric dummy or mathematical
simulation. Results of scveral of lhese studies are summarized in

Reference 33.

3.5 CRASH TEST DUMMIES

A1 of tha recently developed dummies were designed for automotive testing
and are based on the anthropometyry of a 50th-percentile U.S. civilian male.
In dynamic testing of an energy-absorbing seat, design for aircraft occupant
veight can play a critical role. 1t would be desirable to evaluate a seat
for a range of occupant sizes. A 95th percentile dummy would verify the
strenglh of the scat stiructure and restraint system as well as the adequacy
of the energy-absorbing stroke. Testing with a 50th-percentile dummy would
demonstrate the performance of the system for an occupant of average height
and weight. A bih-percentile dummy would probably experience accelerations
of higher magnitude and would establish the severity of a2 given set of impact
conditions for tho smailer occupant, However, both the expense of dumny pur-
chase and the cost of cunducting dynamic tests may imake such a test program
impractical.  An alternative procedure might be to establish the occupant pro-
tection capahility of a seat design by analysis and to conduct a dynamic test
vith @ 95th percentile dummy to verify system strenglh,

The design of different anthropomorphic dunmies for military testing must be
based on the military aviator population. Body dimensions, joint localions
and mass disteibution profertics for small-, mid-, and large-size male avia-
tors has been ygeneraled asw a tri-service data base for three-dimensional,
mathematical models and test dummics (Reference 34).  These dimensions are
available 1o designers for guidance in the design of dummices.

Another factor that must be considered in dummy selection for aircraft seat
testing is that nune of the dumnics described for automotive testing have
been designed for accurate response to vertical dimpact. The spinal colunm,
which is a critical region of human tolerance to aircraft crash loading, has
been designed to simulate response to -G, loading, rather than the wmore cri-
tical 4G, Yoading. The articulated dummies developed for car crash testing
are notl suitable four vertical impact tests, because they do pot usualiy renre-
senl spinal compressive stiffness and the Targe number of conmected masses
prevent the evaluation of seat forces from the deceleration measured in the
dummy. Sarrailhe (Reference 3%) proposes that the basce of the test dummy be
as narrow as the load -bearing part of a seated human to ensure that the scat
and scal cushion receive representative lToading. He states that the spinal
stifiness of the dummy could affect the behavior of the seat.




In 1986 General Motors Corporation’s Hybrid III test dummy was incorporated
into the Department of Transportation’s specifications for Part 572 test
dummies {Reference 36). At present, manufacturers have the opticn of using
either the eriginal Part 572 dummy or the Hybrid III dummy for compliance
testing; beginning September 1, 1991, the Hybrid III dummy will be used as
the exclusive means of determining a vehicle’s conformance with the perfor-
mance requirements of Federal Motor Vehicle Safety Standard 208. Therefore,
it appears that use of the Hybrid III dummy, modified to improve its simula-
tion accuracy to impact loading in the 4G, direction and sized to 5th-,
50th-, and 95th-percentile versions of the U.S. Army aviator, would nrovide
the best available simulation and is, therefore, the recommended approach.
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A. AIRFRAME STRUCTURAL CRASH RESISTANCE

4.) INTRODUCTION

Salient features required in the definition of a crash-resistant structure ¢
are summarized in this chapter. The user is referred to Volume III for addi-
tional information concerning the criteria or their sources.

In a crash situation, the basic requirements for cccupant survival of impact
hazards are:

. The maintenance of a protective structural envelope.

. The attentuation of impact forces %o maintain survivable N
acceleration conditions.

To achieve the desirable occupant survivable conditions, the following basic
design requirements must be considered as an integrated problem, and a prac-
tical sclution must be obtained. Such design requirements should be included
in new aircraft, and existing designs should be improved by incorporating
these features where possible.

) The basic structural envelope surrounding occupied areas must be
desianed to maximize its energy absorption capacity.

¢ The structure that makes initial contact with the ground must be
designed tuv minimize the probahility of earth gouging and scooping
of soil. This will minimize the acceleration and force levels to
which the structure is subjected.

. A1l items attached to the structure must, where passible, be re-
tained in survivable crash conditions. These items include large b
masses, such as transmissions, engines, and rotor systems; internal
cargo and on-board equipment racks; externally mounted components,
such as fuel tanks, wings, and external stores; and the empennage
aiid langing gear. In the past, shedding of large-wass items has
been considered advantageous under crash impact conditions. This is
true from the viewpoint cf reducing the energy content of the air-
craft and, hence, the loads acting on the structure in resisting
aircraft postimpact motions. However, it is possible that penetra-
tion of occupied areas could occur, and during postimpact motions,
the aircraft could traverse shed objects, causing high loading on the
structure. It is, therefore, better to maintain a known mass if an
optimum acceleration profile is desired for occupant survival. Thus
mass retention and landing gear inlegrity are required for optimum
crash resistance and oaccupant survivable conditions.

. In the case of helicopters, certain areas of the cockpit and cabin
structure must he reinforced to withstand loads induced by blade
strikes, impacts with external objects such as trees, and rollover.
In addition, if overhead-mounted crash-resistant seats are used, the
deflection of the cverhead structure velative to the floor must be
minimized.
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9 Unoccupied areas of structure, such as the underfloor, nose, and
tail areas, must be designed to deform in a controlled manner to
apsorb as much energy as possible. Such deformation must be con-
sistent with the safety requirements of other installed systems,
such as fuel celis or seats, and should not intrude into adjacent
occupied areas.

A crash can involve a wide range of dynamic conditions, from a simpie unidi-

rectional impact to a complex combination of rotational and multidirectional

impact conditions. The current requirements for Army light fixed- and

rotary-wing aircraft are summarized in Tables 5 and 6. Any light aircraft

designed to similar criteria would exhibit improvements in crash resistance.

A summary of desirable features for overall crash resistance is shown in

Figure 12 for a single-rotor helicopter. Similar features should be imple- -
mented in all designs, whether fixed- or rotary-wing, to provide survivable

conditions for all occupants.

When a more severe crash does occur, the service 1ife of the aircraft is usu-
ally ended, and the only structural requirement is to provide occupant protec-
tion. In order to provide such protecticn, the design must permit large
deflections of structural members and joints as well as loading in the plas-
tic range of stress. Excessively strong airframe structure is no more accept-
able than understrength structure for adequate crash resistance. Not only
will unnecessary strength result in an unacceptabtle weight penalty but on
impact high G levels that compromise occupant survivability may be generated.

TABLE 5. PERFORMANCE REQUIREMENTS UNDER CRASH IMPACT CONDITLIONS PER TABLE 2

Condition Impact Percentage Volume
No. Direction Reduction Other Reguirements
1 Longitudinal No serious hazard to floes not impede postcrash
{Cockpit) pilct/copilot. egress. Engine trans-
mission, rotor system
remain ntact and in place.
2 Longitudinal 15 maximum length re- Inward buckling of side v
(Cabin) duction for passenger/ walls should not pose
troop compartment. hazard to occupants or
restrict their evacuation.
3 Vertical 15 maxinum height re- G loads not irjurious.- -
duction in cockpit and
passenger/troop
compartment
485 Lateral 15 maximum width Lateral collapse of occu-
reduct ion. pted areas not hazardous,
no entrapment of limbs.
6 Comb ined No serious hazard to
High Angle occupant due to cockpit/
cabin reduction.
7 Combined No serious hazard to

Low Angle occupant




Load uni- R

TABLE 6. OTHER STRUCTURAL PERFORMANCE REQUIREMENTS
Velocity Vehicle Percentage
Impact Impacted Differential Attitude Vo lume Other
Direction Surface (ft/sec) Limits Reduct ion Requirements
Rollover Earth - 90° sideward or Minimal (door Forward fuselage buried to
180° inverted hatches etc. depth of 2 in. (inverted
e or any intey- assumed to be or on side).
mediate angle non-load carrying) formly distributed over
forward 25% of occupied
fuselage length. C(Can sus-
" tain 4 G without injury
to seated and restrained !
occupants. All loading
directions between normal
and parallel to skin to be
considered.
kailover (Fost- Kigid Two 3607 15 max mum voiume re-
impact) Rolis (maximum) duction (5 percent
desired)

Earth Plowing Earth - - - Preclude plowing when for-

& Scooping ward 25% of fuselage has ]
uniformly applied vertical -
load of 10 G and rearward
load of 4 G or the ditch-
ing loads of MIL-A-008865,
whichever is the greatest.

Landing Gear Rigid 20 +10° Rol1 None. Plastic Aircraft deceleration at o

+15% to -5° deformation of normal G.W. for impact 5
v Pitch gear and mounting with no fuselage to ground
system allowable contact. A1l other A/C
structural parts, except
blades. should be flight-
a worthy following crash.

Landing Gear Sod 100 1ong.c* -5° Pitch 15 maximum volume No rollover, or if roll-

14 vertical 1100 Roll reduction (5 percent over occurs, two 360° ,
1200 Yaw desired) ralls without fuselage '

crushing. Ot

* Velocity at impact, not differertial.
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4.2 AIRFRAME CRASH RESISTANCE

The aircraft structure should provide a protective shell for vehicle occupants
in crashes; moreover, the structure should allow deformation in a contrclled,
predictable manner so that forces imposed upon tne occupant will be minimizad
while still maintaining the protective shell. In structural areas where large
structural deformations are anticipated, joints and attachments should be
designed to withstand Targe angular deflections and/or large linear displace-
ments without failure. All exterior surfaces and ail structures which could
be exposed to contact with the impact surface should be constructed of mate-
rials which characteristicaliy resist sparking as a consequence of abrasion.
Unless otherwise stated herein, the aircraft design gross weight (DGW) should
be used for the vehicle weight in the analysis described below. Directions
are assumed with respect to the aircraft (Figure 3) unless otherwise stated.

4,2.1 Longitudinal Impact

4.2.1.1 Impact Conditions. The basic airframe should be capable of im-
pacting longitudinally into a rigid abutment or wall at a contact velocity of
20 ft/sec without crushing the pilot and copilot stations to an extent which
would either preclude pilot and copilot evacuation of the aircraft or other-
wise be hazardous to the Tife of the aircraft occupants. For such an impact,
the engine(s), transmission, and rotor system for helicopters should remain
intact and in place in the aircraft except for damage to the rotor blades.
Thie basic airframe of passenger-carrying helicopters should be capable of im-
pacting longitudinaliy into 2 rigid abutment or wall at a contact vecliocity of
46 ft/sec without reducing the length of the passenger/troop compartment by
more than 15 percent. Any consequent inward buckling of walls, floor, and/or
roof should not be hazardous to the occupants and/or restrict their evacua-
tion. The aircraft should also be designed to withstand impact as in a Tow-
angle missed apprecach. This impact in plowed soil (Figure 13) can result in a
roilover and side impacts which may crush and/or separale the fuselage. The
volume of the cockpit or the occupied passenger/troop compartment should not
be reduced by more than 15 percent (5 percent desired).

S e - L PR

Should the aiveraft turn over, the fuseiage container shouid maintain struc-
tural integrity for a minimum of two 360-degree rolls. The static loads to be
considered for rollover analysis are described in Section 4.2.4.

4.2.1.2 Earth Scooping. Design features for reducing the earth scooping
effects encountered in longitudinal impacts should include the following:

° Provide a large, relatively fiat surface in those areas which could
gouge or plow, thereby increasing the aircraft’s tendency to slide
over the impact terrain.

L) Minimize inward buckling of the fuselage nose or engine nacelle to
maintain skid surface integrity.

° Design the nose section to preclude any earth plowing and scooping
tendency when the forward 25 percent of the fuselage has a uniformly
applied Tocal upward load of 10 G and an aft load of 4 G, as shown in
Figure 14.




IMPACT CONDITIONS

. SOIL OF CALIFORNIA BEARING RATIC =25
. AIRCRAFT PITCH (8)=5° NOSE DOWN

. AIRCRAFT ROLL (§)=%X10°

. AIRCRAFT YAW (7)=120°

. FLIGHT PATH ANGLE (a)=-8° DOWN
GROUND IMPACT SPEED =100 FY/SFC

. IMPACT SINK SPEED =14 F1/SEC

AW N -

~ o

GROUND LEVEL

FIGURE 13. LOW-ANGLE IMPACT DESIGN CONDITIONS (SIMULATED APPROACH
WITH ANTITORQUE LOSS UNDER POCR VISIBILITY).

FIGURE 14, NOSE SECTION DESIGN CONDITIONS.




4.2.1.3 Fuselage Deformation. To minimize hazards to personnel created
by buckling or other deformation of the structura, the aircraft should be de-
signed to:

] Provide sufficient structural strenath in the protective shell around
the occupants to prevent bending o buckling failure of the fuselage,
in accord with Tabie 5,

] Bucxkle the fuselage outward, if at all possible, rather than inward
into Tiving space, when its collapse strength has been exceeded.

] Have the cargo restraints be effective even when fuselage bending
failure occurs.

4.2.1.4 Floor and Bulkhead. The flocr structure should possess sufficient
strength and ductility to carry, without failure, Toads applied by the occu-

’ pants and cargo restraint systems even when deformation and substructure crush-
ing occur. Consideration should be made for the specific loads and moments
applied by these items to the supparting structure in the warped conditions
described in Chapter 5.

4.2.2 Vertical Impact

4.2.2.1 lImpact Conditions. With the Tanding gear extended and the rotor/
wing 1ift equal to DGW, the aircraft should withstand a 42-ft/sec vertical
impact without reducing the height of the cockpit or cabin by more than 15 per-
cent and/or causing the occupants to experience injurious accelerative Toad-
ing. For this analysis, the aircraft attitude should be witnin +i5/-5 degreas
of pitch and +10 degrees of rolil in accordance with MIL-STD-1290.

4.2.2.2 Design Application. Design applications for accomplishing the
above goal should include the following:

° Locate high-mass items so that they will not intrude into occupied
areas during the crash,
¢ Provide sufficiont vertical crushing sirength to prevent more than
* 15 percent crush.
6 Provide load-Timiting structure beneath the floor.
. . Provide 10ad-1imiting landing gear.
® Provide load-1imiting seating for all occupants.

4.2.3 Lateral Impact

Light fixed- and rotary-wing aircraft should withstand a lateral impact of 25
and 30 ft/sec. respectively, into a riyid barrier without reducing the width
of occupied areas by more than 15 percent. The design of the vehicle should
minimize the chance of the occupant being trapped betwees the structure and an
impacting surface following failure of doors, canopies, ar hatches.
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4.2.4 Rollover Impact

The aircraft should be designed to resist an earth impact loading as occurs
when the aircraft impacts the ground and rolls to a 90-degree (sideward) or
180-degree (inverted) attitude. A rollover should not cause structural failure
or major intrusion into occupied areas. It should be assumed that the forward
fuselage roof is buried in soil to a depth of 2.0 in. for the inverted attitude
and that the load is uniformly distributed over the forward 25 percent of the
occupied fuselage Tength. It should also be assumed that the forward fuselage
side is buried in soil to a depth of 2.0 in. for the sideward attitude and that
the load is uniformly distributed over the forward 25 percent of the occupied
fuselage length. The fuselage should be capable of sustaining a 4-G (i.e., 4.0
x aircraft DGW) load applied over the area(s) described for either the inverted
or sideward attitudes shown in Figures 15 and 16, respectively, without struc-
tural failure or more than 15 percent loss of living space. For both cases in
Figures 15 and 16, the 4-G distributed load should be analyzed for any angle of
load application ranging from perpendicular te the fuselage skin (i.e., compres-
sive loading) to parallel to the fuselage skin (i.e., shear loading). When
designing for this condition, it should be assumed that all doors, hatches,
transparencies, and similar openings cannot carry any loading and that rotor
masts, wings, and tail boom are intact. These design conditions assume that
the aircraft becomes inverted after impact. They are not intended to provide
protection in an inverted impact.

\///// —2-in. depth

of terrain
(i.e.,either

earth or water)
e O\ \

xy
(parallel to
x-y planc)

I
NOTES : \

1. Pressure on roof to be applicd
uniformly over arca resulting
from immersion 1n s0il or water @)
to a 2-in. depth.

2. I is the total length of fuselage N
withont ¢ither main or tail rotor
blades., Shaded areca is structural areca

over which 4-G load is applied

4 G_y,
(perpendicular to x-y plai

FIGURE 15. ROLLOVER, ROOF IMPACT DESIGN COMDITION.
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—~ -y (perpendicular
f to X~z plane)
\ —~—
\ 4G (parallel to x-z plane)
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A

A}

A

A
HOUTES:
, . . ¥ =—~ 2-in. depth
1. Pressure on sides to be appliced uniforrmly over arca P
fesuliing frum inwersivn it s0ll or water to a Zz-in. aepth.

2. L is the total length of fuseclage without cither main

or vail rotor blades.

FIGURE 16. ROLLOVER, SIDE IMPACT DESIGN COMDITION.

4.2.5 Mings and Empennage

As discussed in Section 4.1, the wings and empennage structure should vemain
attached during a moderate crash. However, for fixed-wirg aircraft, wing de-
sign should possess frangible characteristics to allow wings to break free
from the fuselage under high lengitudinal inertia loads. This would timit
distributed impact loads caused by striking a barrier such as an earth mound.
Empennaye structure should also be designed to ccllapse or break away during a
severe longitudinal crash impact. The structures shouid be designed to ensure
that failure occurs outside the occupant-protecting section of the fuselage.

For rotary-wing aircraft, wings used to support external stores prevent roll-
over in many accidents and should not be frangible, but should allow the
stores to separate under high-G loads while maintaining the structural integ-

rity of the wing. However, the wing should break off before the fuselage
structure itself ccllapses.

The adjusted position of control surfaces such as flaps shoulc not block doors
or other escape routes from the aircraft.

4.2.6 Engine/Transmission Mounts

For light fixed-wing aircraft, engine mounts should be designed to keep the
engine altached to the basic supporting structure under the crash conditions

45




cited in Table 2, even though considerable distortion c¢f the mounts and
support structure occurs. The basic structure supporting the engine should
fail or separate before engine mount failure occurs.

On helicopters, the transmission, rotor mast, rotor hub, and rotor blades
should not dispiace in a manner hazardous to the occupants during the follow-
ing impact conditions:

) Rollover about the vehicle’s roll or pitch axis on sed.

? Advancing and retreating blade obstacle strikes tnat occur within the
outer 10 percent of biade span, assuming the obstacle to be an
8-in.-diameter rigid cylinder.

Unless otherwise specified, all engines, transmissions, rotor masts, armament
systems, external stores, and rotor hubs that could be hazardous to the occu-
pants should be designed to withstand the following ultimate load factors (G)
in the directions that cause those hazards and remain restrained: ]
. Applied Separately
Longitudinal +20
Verticai +20/-10
Lateral +18

® Applied Simultaneously

Design Conditions

1 —l . 3 .
Longitudinal +20 +10 +10
Vertical +10/-5 +20/-10 +10/-5
Lateral 49 +9 +18

4.2.7 Landing Gear

The landing gear should be capable of ground taxi, towing, gruund handling,

takeoff and landing roll, and landings including autorotative landings at

design sink speeds in accordance with AMCP 706-201 (Reference 37). Unless

otherwise specified, strength and rigidity requirements should be provided in

accordance with MIL-S-8698 (Reference 38). An analytical casting factor of -
1.25 should be applied for the design of all castings which will not be static

tested to failure, or which are not procured to MIL-A-21180 (Reference 39).

The yield factor of safety should be 1.0.

4.2.7.1 Landing Gear Location. The landing gear subsystem location should
minimize the possibility that a part of the gear or support structure will be
driven into an occupiable section of the aircraft, or inte a region containing
a flammable fluid tank or line, in any accident falling within the crash con-
ditions of Table 6. If this cannot be accomplished by location, the gear
should be designed to break away under longitudinal impact conditions, with
points of failure located so that damage to critical areas is minimized.
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Failure of the landing gear should not result in & failure of any personnel
seat/restraint system or seat/restraint system tiedown. Also, failure of the
landing gear should not result in blockage of a door or other escape route or
prevent the opening of any door or other escape route.

4.2.7.2 Vertical Crash Force Attenuation. The landing gear should be of

the lvad-limiting type and should be capable of decelerating the aircraft at
DGW from a vertical impact velocity of 20 ft/sec onto a level, rigid surface
without allowing contact of the fuselage proper with the ground. Plastic de-
formation and damage of the gear and mounting system are acceptable in meeting
this requirement. The aircraft shouid be capable of meeting this reguirement
in accidents with simultaneous fuselage angular alignment of +1C degrees of
roll and +15 to -5 degrees of pitch. For the case of retracted landing gear,
the seat and airframe combination should have a vertical crash impact design
velocity change capability of at least 26 ft/sec. The landing gear should
provide energy absorption at sink rates up to 42 ft/sec onto an impact surface
within +10 degrees roll and +15 to -5 degrees pitch.

4.3 ANCILLARY EQUIPMENT RETENTION

Ancillary equipment is all removable equipment carried inside the aircraft
that could constitute a hazard if unrestrained during a crash. Typical items
are:

) Emergency Eguipment . Aircraft Subcomponents
Oxygen bottles Panel-type consoltes containining
Fire axtinguishers control circuitry
lMirst-aid kits Radio and electrcnic equipment
Portable searchiights Auxiliary power units
Crash axes Batteries

Special Equipment

. Survival Equipment ] Miscellaneous Equipment
Survivai kitis pjavigation kits
Life rafts Briefcases
Life jackets Log books
Locator beacons Flashlights
Special clothing Luggage
Food and water Toolboxes.,

A11 ancillary equipment frequently carried aboard an aircraft should be pro-
vided with integrated restraint devices to ensure retention of the equipment
during any survivable crash of the severity cited in Table 2. Stowage space
should be provided for norrestrained items that are not regularly carried.
This space should be located so that the items stored in it cannot become
hazards in a survivable crash. Stowage under energy-absorbing seats is not
acceptable.

4.3.1 Strength

Restraint devices and supporting structure for anciliary equipment should be
designed for static loads of 50 G downward, 10 G upward, 35 G forward, 15 G
aftward, and 25 G sideward. Load-limiting devices are recommended for
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restraint of heavier equipment. HKowever, Toad-limiter stroking should not
allow equipment to enter an occupant strike envelope.

4.3.2 Emergency and Survival Equipment Stowaqe Location

Cquipment should be: (1) located close to the primary crew chief station, if
applicable; (2) stowed in easy view of crew and passengers; and (3) easily and
reliably accessible ir an emeruzncy. Fquipment should not be placed in areas
where cargo shifting or fuselage distortion will prevent or impair access to
it. Exireme temperatures, abrasion, and uncleaniiness should be minimized.

4.3.3 Pelease of Emergency and Survival Equipment

Retention devices used to restrain emergency and survival equipment should be
capable of quick release without the use of tools by one person using one

Fand. Retiease should be effected by a single motion actuating one device and
chould not require more than 5 sec from time of contact with the actuating de-
vice 1o the time when the equipment either falls free or is lifted free. If "
equipment is stowed in an enclosure, no more than 5 sec should be required for
orening the enclosure and removing the equipment. Aircraft attitude should not
adgversely affect release device operation. It should be possible to see the
tatch position (open or closed) of the release device. The release device
actyating hardle should be of a color that contrasts with the surrounding area
and be wvasily discernible in pcor lTight or smoky conditions.

4.4 INTERFACE OF OCCUPANT AND CARGO RETENTION SYSTEMS WITH AIRFRAME

Bolk seats and cargo tiedowns require structural attachments capable of with-
starding the applied loads without failure or excessive deformaticn. Although
additional seat design and installation rrquirements are discussed in Chapter 5
of tnis voiume, there are several important points to be considered where struc-
tural interface cccurs. For example, the basic floor structure should evenly
distribute loading to the underfloor frames and Tongitudinal members. All seat
and cargo attachment fittings should be attached through the floor to primary
underfloor structure, i.e., either the heavy, full-depth longitudinal beams, or
substantial underfloor frame elements. The elements should be compatible with
the types and magnitudes of crash Toading applied by the seat or carge attach-
ments. This includes reaching the loads and moments applied by the seats or P
cargo with deformed fioor and bulkhead structure.

The tiedown points must be designed for the worst case combiration of cargo
weight, center-of-gravity height above the floor, and G conditions during the
crash. +

If energy absorbers are used for the seat or cargo attachments, the attach-

ments and their fasteners should be designed to the limiting load condition,

considering the effects of angular displacement relative to the floor. To en-

sure structural integrity, all seat attachments must be designed to withstand |
or attenuate computed maximum loade with consideration for bottoming, or ex- B
hausting of available stroke. In the case of tiedown rings, which usually are '
rated to a certain load capability such as 5000 1b, the attachments and struc-
tures must be capable of withstanding the worst case, angled load without yield-
ing. Although cargc tiedown energy absorbers may be used, if a choice exists
between energy-absorbing and nonenergy-absorbing tiecdowns, the design criteria
must be for the worst case, which will likely be the nonabsorbing equipment.
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Structure surrounding an energy-abscrbing seat must be designed to aliow clear-
ance for seat operation. Elastic defurmation should be added to the envelope
of seat stroke in determining the required clearance. 1If a well is provided

in the aircraft floor to allow additional stroking distence, at least a 2-in.
clearance should he maincained between the outer edges of the buckel ard the
intiermost hardware extension on the sides or front of the well, including the
tracks.

4.5 QCCUPANT RETENTION

Seating and litter systems should ensure that occupants are retained in their
precrash positions within the aircraft. Seating and litter systems design
should be coordinated and interfaced with the design of the other surrounding
aircraft areas to achieve a completely integrated and efficient crash-
resistant aircraft system design. Seat and litter design should provide the
greatest practical amount of support and contact area for the occupants in the
directions of the most severe and likely impacts. Seats should provide an
integral mears of crash force attenuation. Occupant comfort should not be
compromised to the extent that flight safety and/or crew efficiency is
adversely affected. Volume IV contains a detailed discussion of occupant
retention.

4.6 CARGO PETENTION

Cargo restraint should:
(] Be as Tight as possible.
9 Require minimum storage space.
[ Be easy to install and remove.

. Be easily and reliably adjustable for different sizes and shapes of
cargo.

) Provide sufficient restraint of cargo in aii directions to prevent
injury to personnel in a survivable crash.

If the structure of the fuselage and floor is not strong enough to withstand
the longitudinal ioads, load limiters should be used. Cargo restraints should
be capable of maintaining their integrity under longitudinal loads of 16 G
peak with a2 Jongitudinal velocity change of 43 ft/sec. Complete load and dis-
placement requirements are presented in Table 7, and the requirements for tne
tongitudinal and lateral directions are illustrated in Figures 17 and 18. If
load-1imiters are used, low-elongation restraining lines should be used to en-
sure the most efficient energy absorption.

Nets used to restrain small bulk cargo should be constructed of material with
low-elongation characteristics in order to reduce dynamic overshoot to a min-
imum. Restraining lines without load limiters used for large cargo, as de-
fined in Table 8, for longitudinal restraint should be so arranged that max-
imum load in all lines is reached simultaneously. Restraining lines having
different elongation characteristics should not be used on the same picce of
cargo.
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TAGLE 7. CARGO RESTRAINT LOAD3 AND DIPSLACEMENT REQUIPEMENTS

Luad Direction

Item (With Respact Restraint Controlled
No. to Floor) Load Displacement
1 Forward See Figure 17 See Figure 17
2 Aftward 56 Ho Requirement
3 Lateral See Figure 18 See Figure 18
4 Downward 16 G No Requirement
5 Upward 56 No Requirement
6 Forward See Figure 17 See Figure 17

and Combined

Lateral 4G No Requirement

4.7 SPECIAL TIiLT-ROTOR CONSIDERATIONS

Crash resistance design considerations for tilt-rotor aircraft share many com-
mon items with conventiconal helicopter and fixed-wing aircraft. These include
the items listed in Table 1.

On conventional helicopters, the main rotor pylons and engines generally are
located near the occupied areas, and adequate tiedown strength is required to
prevent potentially hazardous displacement of the large mass items into the
occupied areas. On tilt/rotor aircraft the pyions are located at the wing
tips, well away from the occupied areas. By allowing the wings to fail in a
controlled manrer the aircraft mass is greatly reduced, and less material is
required in the fuselage structure to absorb the reduced aircraft kinetic
energy.

The aircraft design approach to control the wing, pylon, and rotor failure
modes is illustrated in Figure 19. By proper choice of the prop-rotor direc-
tion of rotation, the pylon and rotor are directed away from the occupied
areas in the event of a rotor ground strike. If a rotor ground strike occurs,
the composite blades typically exhibit benign failures and stay together be-
cause of the tensile strength of the fibers, even though severely damaged.
Although Targe blade sections are not expected to separate, debris from the
ground and rotor blade fragments may impact the fuselage sidewalls in the
vicinity of the tip path plane. The seating arrangements and the design of
the structure in those areas adjacent to the tip path plane should consider
this possibility.

50




Permissible
controlled

X e 22 displacement
- ‘0. 2 A B or . T
s oy

Controlled
displacement
devices

Aircraft
floor ——

Net restraint Line restraint

20 l T T
- Practical cargo displacement limit ———

(depending on aircraft)

Acceptable failure area

//f-Minimum acceptable load curve

'
amplé/gAeé/f/

J<Restraint curves
[ Lkl

- S
Zr I,

b

STATIC FORWARD LOAC, G

lrarlure load
—-——Unacceptable performanc
Acceptable performance

0 1 5 10 15 20 25 30
CONTROLLED FORWARD CARGO DISPLACEMENT (X), IN.

FIGURE 17. LOAD-DISPLACEMENT REQUIREMENTS FOR ENERGY-ABSORBING
CARGO RESTRAINT SYSTEMS (FORWARD LOADING OF ROTARY-
AND FIXED-WING AIRCRAFT).

To maintain the fuselage occupied compartment area, the fuselage is designed
stronger than the wings. Similarly, the wings are designed stronger than the
pylon. Consequently, the pylon and wing will fail prior to the fuselage, pre-
venting collapse of the occupant compartment (Reference 40).
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FIGURE 18, CARGO LATERAL LOAD-DISPLACEMENT REQUIREMENTS.
TABLE 8. AIRCRAFT CARGO CATEGORIES
Small Bulk Cargo Large Rigid Cargo
(Net Restraint) {Line Restraint)
This class includes all boxes or This ¢lass inclues all rigid
unpacked cargo of approximately cargo of 3 ft3 or more in size.
3 ft¥ or less in size.
Examples: Examples: -
1. Amunition boxes 1. Wheeled or tracked vehicles
2. Foodstuffs 2. Aircraft engines
3. Medical supplies 3. Fuel barrels
4. Clerical supplies 4. Artillery pieces 4
5. Vehicle maintenance 5. Special weapons

components (priority cargo)
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FIGURE 19. WING/ROTOR/PYLON CRASH FAILURE MGDES.

4.8 TESTIN

4.8.1 Aircraft System Testing

Instrumented, full-scale crash test(s) should be conducted: (1) to verify an-
alyses performed, (2) to substantiate the capability of the aircraft system to
meet crash-resistance specifications, and (3) to gather further engineering
data on the impact response of aircraft structures. A more detailed discus-

sion of full-scale aircraft system testing is presented in Volume 1II.

4.8.2 Landing Gear Crash ‘esting

Instrumented drop tests should be conducted: (1) to verify landing gear crash
force attenuation and crash loading strength characteristics analytically pre-
dicted and (2) to substantiate the capability of the aircraft landing gear to
meet the criteria of Section 4.2.7. Drop testing of wheel and skid landing
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gear should be conducted in accordance with paragraph 9-2.3 of AMCP 706-203
(Reference 41). The 20-ft/sec sink speed drop test should be conducted with
the Tanding gear oriented in a 5-degree nose down and 10-degree roll attitude
and drop tested onto a level, rigid surface with a sink speed of 20 ft/sec at
ground contact. Landing gear should alsc be drop tested in a O-degree roll,
pitch, and yaw attitude onto a level, rigid surface with a sink speed of

42 ft/sec at ground contact to demonstrate crash impact energy-absorption
capability. Rotor/wing 1ift for all drop tests should be equal to DGW.

Tests with a pair of gear mounted on an "iron bird" fixture simulate the
aircraft crash conditions more accurately than do tests on a single gear.

4.8.3 Carqo Restraint

Design loads are specified in Section 4.6. Static tests to these loads are
recommended. All deformation measurements are tu be made at the floor level.
Sufficient dynamic tests should he made to assure that design predictions can
be accurately based on static test results.

4.8.4 Seat and Restraint System

Since proper performance of these items is critical for occupant survival, ex-
tensive qualification testing is vequired by MIL-S-58095. Testing require-
ments for seats and occupant retention systems are also described in

Volume 1IV.

4.8.5 Fuel System
Testing requirements for fuel systems are described in Volume V.

4.8.6 Ancillary Equipment Retention

Design loads are specified in Section 4.3. Static tests to these loads are
recommended. If applicable dynamic overshoot is likely, dynamic tests should
be conducted.

1. Will the gear withstand an impact velocity of up to
42 ft/sec without catastrophic failure?

2. Will the gear prevent the fuselage from contacting
the ground in a 20-ft/sec impact?

3. Will the gear survive a 10-fi/sec impact without
structural damage?

4. Will trhe gear remain attached to the fuselage after
impact?
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10.

Is the gzar located to prevent penetration of occu-
pied areas during the energy-absorbing stroke or in
the event of gear failure?

Has the gear been designed to absorb the maximum
energy consistent with available stroke?

Is the gear located to prevent rupture of fuel cells?

Is every blow-off valve located where fluid will be
confined or ejected outside the aircraft?

Has the gear been designed to avoid interference
with the stroke of energy-absarbing seats?

Has the gear been designed to continue to absorb
energy after initation of underfloor crushing?

4,9.2 Airframe Design Checklist

4.9.2.1
1.

4.9.2.2

Fuselage

Are forward bulkheads canted aftwards below the
fioor to prevent earth scooping?

Are the forward lower skin panels made of tough,
yet ductile, material to minimize tearing?

Are the forward lower skin panels shingied afiward
to prevent scooping?

Will the nose structure support an upward load of
10 G and an aftward load of 4 G applied over the
forward 25 percent of the fuselage without tailure
that would increase earth scooping tendencies?

Is the underfloor structure designed for energy-
absorbing crush under upward loading while remaining
intact under longitudinal impact conditions?

Is structure designed to transfer loads due to
overhead masses to floor level without hazaraous
crushing of the occupied volume?

Wings and Empennage

Will the loss of wings occur in a manner that does
not endanger the occupants and that does not destroy
the usable volume?
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1.
2.

4.9.2.4

4.9.2.5

4.9.2.3 Recllover Structure

Will the forward fuselage roof support a 4-G load?
Are the side frame members designed for high load
capacity to prevent cellapse during a rollover-type
impact?

Blade Impact Protection

. Are overhead longitudinal members extended con-

tinuously over cockpit areas?

. Are upper surfaces smooth and is lateral structure

angled to deflect passing blades rather than allow
penetration?

Heavy Mass Support

. Are the supports for massive overhead components

designed to withstand the following loads:
+18 G lateral?
+20 G longitudinal?
+29/-10 G vertical?

. il the supports for massive overhead components

withstand the following combinations of loads:
+20 G long., +10/-5 G vert., 49 G tat.?
+1C¢ G long., 420/-10 G vert., +9 G lat.?

+10 G long., +10/-5 G vert., +18 € 1at.?

. Do the engine mounts and fitlings, integral to the
engine as well as the aircraft structure, have
sulfficient strength to remain inftacy until after
failure of major structuval supporting members?




4.9.2.6
1.

4.9.2.7

Fuel Tank Installation

Are fuel tanks located above floor level and away
from possible impact surfaces?

. Are fuel tanks located as far from occupiable

areas as reasonably possible?

Is fuel containment assured for all anticipated
survivable impacts?

Is the structure that supports fusl tanks smooth
and clean of projections to provide uniform support
and avoid puncture?

. Are frangidle and self-sealing couplings used in

fuel Tines where relative displacements of struc-
ture may occur?

. Are fuel tarks located outside the 1ikely landing

gear motion envelope?

. rave checklists of Chapter 6 been referred to for

fuel system design?

Seat and Cargo Installation

Is structure arcund seats designed to avoid inter-
ference with seat stroking and has sufficient clear-
ance been allowed to enable efficient seat design
(see Volume II1)?

. Are seat and cargo attachment fittings secured

through the floor to primary structural members?

. Are tiedown points desigred for the worst case com-

bination of cargo weightl, center-of-gravity height
above the floor, and directions of loading and
structural defiection?

. Have checklists of Chapter § been referred to for

seat system design?

Emergyency Egress

. Has the struciure surrounding emergency exits been

c¢esignea for minimum distortion?

. Have the egress checklists of Chapter 6 been
referred to for emergency egress requirements?
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5. AIRCRAFT SEATS, RESTRAINTS, LITTERS, AND COCKPIT/CABIN DELETHALIZATION

5.1 INTRODUCTION

This chapter summarizes the criteria for inciuding crash resistance into the
design of aircraft subsystems that interface directly with the occupants.
These subsystems include restraint systems, seats, Titters, cockpit controls,
and padding materials. The user is referred to Voluwe IV for additional
information concerning the criteria and their sources.

1t is important to remember the basic cperational difference between passen-
ger seats and crewseats. The primary function of passenger seats and litters
is to provide a place for aircraft occupants to sit or lie durirng their trans-
port, while the crewseats must provide the comfort, adjustments, and features
that aid crew members in accomplishing their operational responsibilities.
These functional requirements obviously are of highest priority; however,
crash resistance and the ability of the subsystems to help protect the occu-
pant during crashes are also of extreme importance and can pe accomplished
without significant degradation of comfort and operational aspects.

5.2 PRIMARY DESIGN CONSIDERATICNS

5.2.1 General

Occupant protection and survival ia aircraft accidents shouid be a primary
consideratioin in the design, development, and testing of aivcraft seals ana
Yitters. A1l operaticnai requirements as specified in other design guides
should also be mel. Ad=quate occupari proteciion requires that both seats
ard litters be retained generally in their original pasitions within the
aircraft throughout any survivabie accident., In addition, the seat should
provide an integral means ¢f crash Toad atienuation, and tha vccupant’s
strike envelope should be delethalized.

Several enviranmental and operaticnal factors other than those associated
with crash resisicnce affect the design cf an adequate seating system. They
are very imporcant in overall design ard are discussed in Section 3.2 of
Volume IV.

£.,2.- Design Conditions

The d2sign impuct coniitions for light fixed- and rotary-wing aircratt arc
preserted in Voiuwe IT and are repecated in Chapter 3, Table 2. of Volume I.
A1 seats, restraint systems, and vitters should be desigred to provide the
desired parfocrmance in the design crash impact conditions. It must be renem-
bered that, to produce a truly crash-resistant design, systemsy analyses must
consider 1ik:ly combinations of loadings, including pclential losses of
energy-absorbing structure, such as lanaing gear.

5.2.3 Structurii Distortion

Structural distortien of the airframe and its resulting ioading of the seat
must be considered in ihe design., A major consideration in providing crash-
resistant seating systems is the possipility of a local distortion in that
part of the aircraft to which the seai is attachad.
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In ceiling-mounted seats the efficiency of use of the available stroke dis-
tance must be cornsidered. Energy-absorbing stroke should be provided to
maximize usage of the available space, but the effective stroke of a seat
considered to be rigidly attached (no energy absorbers between the seat and
ceiling) to the ceiling must be considered. The ceiling may deflect downward
at loads too Tow to make efficient use of the available stroke, a particular
concern for retrofit applications to older aircraft. A systems analysis
should be used to evaluate the advisability of using ce2iling-mounted seats in
this situation and, if so, establish the correct combination of variables.

A considerable amount of the downward motion of an aircraft ceiling may be
elastic. It would be advantageous to eliminate from the occupant and
ceiling-suoported seat the rebound due to recovery of this elastic distor-
tion. Consideration should be given to a device that allows vertical down-
ward motion of the seat but restrains it from following the roof during its
elastic rebound.

Adequate support of the ceiling for the applied loads with low deflections
eliminates the problems mentioned above, and efficient use of ceiling-mou.ted
seats can be achieved in aircraft with such features.

Considerations for seats mounted on the floor, bulkhead or sidewall, in-
cluding requirements necessary for the attachments to survive fuselage war-
page, are presented in Section 5.4.5, Joint Deformation.

5.3 DESIGN PRINCIPLES FOR SEA

5.3.1 Seating System Orientation

There are several types of Army aircraft seating systems: pilot, copilot,
crew chief, gunner, observer, student, medical attendant, troop, and passen-
ger. Ceckpit seats are typically forward-facing; cabin seats may face in any
direction. Many are single-place seats, but in some aircraft two-, three-,
and four-occupant cabin seats are provided. A single occupant seat is the
preferred configuration in order to avcid situations in which the energy-
absorbing systems of multi-unit seats are rendered ineffective due to partial
occupancy (insufficient weight to activate the energy-absorbing mechanisms at
loads within human tolerance limits). Seats should be interchangeable.

The rearward-facing seat is optimai for providing maximum support and contact
area in longitudinal impac's. The only critical impact sequence for the
rearward-facing seat is one that involves a severe lateral component that
allows sideward movement of the occupant prior to application of the longi-
tudinal or vertical pulse. However, lateral torso movement can be minimized
by use of a torso restraint system of much lighter weight than that required
for other seat orientations. The rearward-facing cabin seat is preferred.

Thos2 crew membess required to face forward in the conduct of their duties
can be afforded adequate protection by the use of a restraint system consist-
ing of shoulder straps, a lap velt, and a Tap belt tiedown strap as discussed
in Section 5.7. Lap-belt-only restraint is undesirabie, as noted in the
human tolerance section of Volume I[I. 1f all forward-facing passengers are
provided with adequate upper- and lower-torso restraint, forward-facing seats
are acceptable as a second choice to —earward-facing seats. If a single,
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diagonal upper-torso restraint is used, it should be placed over the outboard
shoulder of the occupant to provide restraint against lateral protrusion of
the occupant outside the aircraft or impact with the sidewall.

Previously, many side-facing seats were provided with lap belt restraint
only. Even with the addition of a shoulder harness or diagonal chest strap,
the tolerunce to abrupt longitudinal acceleraticn is less than that for any
other orientation. The use of side-facing seats is least desirable for crash
safety; when no reasonable alternative exists, adeguate torso restraint
should be provided. When a single, diagonal, upper-torso restraint is used,
it should be over the forward-facing shoulder (relative tc the aircraft).

5.3.2 Litter Orientation

Litters should be installed laterally when practical, to provide more
positive restraint for expected combined crash forces. A lateral Titter
orientation also will prevent detachment of the litter from its supports,
which may occur as explained in Reference 42. The litter should withstand
all of the conditions previously described for seats.

5.3.3 Materials

Designers should select materials that offer the best strength-to-weight
ratios while still maintaining sufficient ductility to prevent brittle
failures.

The degree of ductility needed in a seat’s basic structural elements is
highly dependent upon whether the seat structure is designed to absorb energy
by the use of a separate load-limiting device or whether large plastic deflec-
tions of the basic structure are required. As a general rule, a value of
10-percent elongation is a rough dividing line between ductile and nonductile
materials. The 10-percent value is recommended as a minimum for use on all
critical structural members of nonload-limited seats because the exact peak
lToad is unpredictable due to pulse shape, dynamic response of the system, and
velocity change. A minimum elongation of 5 percent in the principal Toading
direction is suggested for use on critical members of load-Timited seats,
because the loads and strains are movre predictable. Also, castings are not
recommended for use in primary structural ioad paths.

The effects of stress corrosion must be considered, as well as hydrogen
embrittlement, due to heat treating or various processing steps such as
pickling. In short, adherence to all the normal engineering design
principles is recommended.

Flammability and toxicity retardation requirements are discussed in Chap-
ter 6. Upholstery padding and other materials used in seats should meet the
specified requirements.

5.4 STRUCTURAL CONNECTIONS

5.4.1 Bolted Connections

For the manufacture of basic aircraft structure, most aircraft companies
recommend 15- and 25-percent margins of safety for shear and tensile bolts,
respectively. The margin of safety for shear and tensile holts located in

60




load-Timited portions of the seat, where loads can be predicted accurately,
can be reduced to 10 and 15 percent, respectively. Also, good aircraft engi-
neering practice dictates that bolts less than 0.25 in. in diameter should
not he used in tensile applications because of the ease with whi:h these
smaller bolts can be overtorqued. Because of the obvious advantages of struc-
ture being able to distort while maintaining load-carrying ability, fastenars
of maximum ductility for the application should aiways be selected. Where
possible, fasteners such as boits and pins should have a minimum elongation
of 10 percent. A bolt loaded in shear should have a shank of sufficient
length to prevent application of the shear load on the threaded portion of
the bolt. For the best failure mode, bolts, pins, and joints shouid be
designed to fail in bearing.

5.4.2 Riveted Connections

Guidelines for riveted joints are presented in MIL-HDBK-5, and it is recom-
mended that these guidelines be followed (Reference 43).

5.4.3 Welded Connections

Welded joints can be completely acceptable and even superior to bolted or
riveted joints. However, strict inspection procedures should be used to
ensure that welded joints are of good quality. The cross-sectional area of
the basic material in Lhe vicinily of a welded joini shouid be 10 percent
greater than the area needed to sustain the design locad. Welding processes
are discussed in Military Specifications MIL-W-8604, -6873, -45205, and
-8611; these specifications should be used as guides to ensure quality
welding.

5.4.4 Seat Attachment

Acceptable means of attaching seats to the cabin interior are Tisted below.
(Refer to Section 3.3.3 of Volume IV for a discussion of ceiling-mounted
seats.)

1. Suspended from the ceiling with energy absorbers and wall or
bulkhead stabilized.

2. Suspended from the ceiling with energy absorbers and floor
stabiiized.

3. Wall or bulkhead mounted with energy absorbers.
4. Flecor mounted with erergy absorbers.

5.  Ceiling and floor mounted {vertical energy absorbers above
and below seat).

Suspension or mounting provisions for all seats should not interfere with
rapid ingress or egress. Braces, legs, cables, straps, and cther structures
should be designed to prevent snagging ¢~ tripping. Lloops should not be
formed when the restraint system is in the unbuckled position. Cabin seats
must often be designed so¢ that they may be quickly removed or folded and
secured. Tools should not be required for this operation. The time required
by ore person to disconnect each single occupant seaf should not exceed
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20 sec. The time required by one person to disconnect multi-occupant seats
should not exceed 20 sec multiplied by the number of occupants. All foldable
seats should be capable of being folded, stowed, and secured or unstowed
quickly and easily by one person in a period not to exceed 2" sec multiplied
by the number of occupants.

5.4.% Joint Deformation

To prevent seat connection failures induced by fuselage distortion, struc-
tural joints should be capable of large angular displacements in all di-
rections without failure. A floor-mounted seat designed properiy for
structurally integral lcad limiting would also satisfactorily accommodate
floor buckling and warping under crash conditions. Figure 20 illustrates
recommended 1imits of floor warping or buckling that should be withstood by
all floor-mounted seat designs. The mounts should be capable of with-
standing a +10-degree warp of the floor, as well as a +10-degree rotation
about a roll axis of a single track. The angles are based on distortions
that have been noted in potentially survivable accidents,

The same general principles that apply for floor-mounted seats also apply for
bulkhead-mounted seats, except that the deflection and degree of warping of
the bulkhead appear to be less than those of the fleor. A possible bulkhead
distortion configuration is shown in Figure 21. The recommended angular
deflection requirement for bulkhead-mounted seats is a 5-degree rotetion in
the plane of the buikhead. To accommodate locai deformation, each attachment
of tne seat to the bulkhead should be released to permit t10-degree rotations
in any direction.

Combined sidewall-mounted and floor-mounted seats require the same considera-
tions as bulkhead-mounted seats. The sidewalls of aircraft tend to bow out-
board during impacts with high vertical loading. Therefore, it is advisable
that these seats be designed to accept relatively large distortions without
failure. Seats mounted to both the floor and the sidewall will require spe-
cial design considerations. One way to provide the flexibility needed is to
include releases such as pin joints, oriented to allow rotaticn around an air-
craft roll axis. An example is shown in Fiqure 22, The attachments should
be designed to permit the angle 8 to reach 25 degrees at the maximum

dynamic deflection. Seats that are mounted totally on the sidewall should be
less of a problem.

The underfloor, bulkhead, or sidewall structure must be designed to be compat-
ible with the seat. For example, the design of structural releases between
the seat and the track may enable the seat to maintain its attachment during
Targe floor deformations but may add to the torsional loading on the under-
floor beams. If a large downward Toad is applied to the floor structure
through a joint that does not carry moment (released), then ihe underfloor
beams must resist any moment that may be develcped without assistance from

the seat structure.

5.4,6 Material

5.4.6.1 General. An elastic stress analysis, as used in the design of
airframes and aircraft components subjected to normal flight loads, is in-
adequate for the study of all the structure in a crash situation. For normal
flight loads, keeping the stresses well below the material yield stress to
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FIGURE 22. PIN JOINT RELEASES ORIENTED TO ALLOW ROTATION
AROUND AN AIRCRAFT ROLL AXIS.

avoid permanent deformation is necessary because of fatigue probiems and
other considerations. In a crash situation, however, where only one appli-
cation of the maximum load is expected, fatigue is not a factor, and the
final appearance of a structural component or its subsequent operational use
need not be considered. Consequently, the load-carrying capacity of com-
ponents deformed beycnd the elastic limit should be considered in determining
the ultimate seat strength. For certain items in the load path it is advis-
able to use the rupture strength as listed for many materials in MIL-HDBK-5
(Reference 43). The concepts of Timit analysis or, in some circumstances,
large deformation analysis ma, be employed to make the best use of materials
in certain components.

5.4.6.2 Limit Analysis Concepts. Where ductile materials are used, strai.
concentrations do not produce rupture prior to significant plastic deforma-
tion. If the geometric configuration of the structure permits only small
elastic deflections, a "rigid-plastic" mathematical model may be used. This
permits the use of a Timit analysis, which assumes no deformation of struc-
ture until sufficient plastic hinges, plastic extensors, etc., exist to per-
mit a geometrically admissible collapse mode.
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Limit analysis is concerned with finding the critical load sufficient tc
cause plastic collapse with the physical requirements of static equilibrium,
yield condition for the materials, and consistent geometry considerations.

Two useful principles are mentioned here: the upper and lower bound theo-

rems. The upper bound theorem for the limit joad (collapse load for a

“rigid-plastic" structure) states that the load associaled with the energy

dissipated in plastic deformation will form an upper bound for the limit

load. The lower bound theorem states that the load associated with a stat-

ically admissible stress distribution, which at no point exceeds the yield

conditions, forms a lower bounda for the Timit load. Use of the upper and

lower bound theorems to bracket the 1imit load for a given structure makes it

possible to obtain a realistic evaluation of the structure’s load-carrying .
capacity.

5.4.6.3 Large Deformation Analysis. It a structure contains elements that

will permit large, stable eiastic deformations when under load, the equilib-

rium of the deformed state must be considered in evaluating ultimate ¥
strength. For example, if a suitable attachment is made to a thin, flat

sheet rigidly fixed at the edges so as to load the sheet normal to the sur-

face, a diaphragming action will occur. The equilibrium and stress-strain
(elastic-plastic) relations for the deformed state would determine the load-

carrying capacity. An example of this situation is a seat pan in which mem-

brane rather than flexural stresses are important.

5.4.6.4 Strain Concentrations. Handbook stress concentration factors wili
provide sufficiently accurate data to allow the designer to modify the struc-
ture in the vicinity of siress concentrations. When large deformations at
high load-carrying capacity are desired, as in energy-absorbing seats, these
areas frequently become strain concentration points, and rupture occurs due
to excessive strain in areas with little deformaticn and energy input. Large
amounts of energy can be absorbed in the structure only if large volumes of
material are strained uniformly.

5.4.7 Restraint System Anchorage

The seal designei should consider the effect of the anchorage of the re-
straint system on the characteristics of the seat design. If possible, the
restraint system should be anchored to the seat rather than to basic aircraft
structure.

If the harness is anchored to basic aircraft structure, a desirable reduction

of loads on the seat frame results; however, the restraint system must be de- A
signed to permit the energy-absorbing deformation of the seat during an im-

pact. For example, if a load-limited seat strokes vertically and the seat

belt is anchored to the floor, Toosening of the belt permits the occupant to

either submarine or move iaterally under the belt. When the harness is an-

chored to the seat structure, the problem of maintaining a tight harness is

reduced.

5.5 ENERGY-ABSORBING DEVICES

The seat structure, in order te perform its intended retention function,
should possess either (1) the capability of sustaining, without collapsing,
the maximum inertial forces imposed by the deceleration of the occupant and
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the seat or (2) sufficient energy-absorption capacity to reduce the occu-
pant’s relative velocity to zero before stiuctural failure occurs.* The
first alternative may result in an excessive strength requirement because
the input pulse shape and the restraint system and cushion elasticity can re-
sult in a large dynamic overshoot. Computer simulation and experimental in-
vestigation have shown that overshoot factors range from 1.2 to 2.0. This
would necessitate a seat design strength requirement of 24 G to 40 G to ac-
commodate an input floor pulse of 20 G.

The second alternative of using collapse behavior {(load limiting) appears to
offer the more practical approach to most seat design situations. With this
option, the seat structure would begin plastic deformation when the accelera-
tion of the occupant and seat mass reaches a level corresponding to the criti-
cal structural load; the seat should absorb enough energy without failure to
stop the motion of the occupant relative to the aircraft. This energy should
be absorbed at force levels within human tolerance limits to provide the in-
tended protective function. The energy can be absorbed either by plastic
deformation of basic aircraft structure or by the introduction of mechanical
load-1imiting devices. Energy-absorbing motion of the seat can be provided

in all three directions as well as for all combinations of directions; how-
ever, it is absolutely necessary for the vertical direction. A properly
restrained occupant can withstand the loads associated with the design crash
impact conditions in the longitudinal (x) and lateral (y) directions but
cannot sustain the loads in the vertical (z) direction without injury. There-
fore, the requirement for load reduction through use of eneragy-absorption
devices is mandatory for the vertical direction.

Energy-absorbing mechanisms in aircraft structures which transmit crash
forces to the occupant should stroke at loads tolerable to humans and should
provide stroke distances consistent with these loads and with the energy to
be absorbed. Desirable features of enerqy absorbers are as follows:

® The device should require a constant, predictable stroking force.

) The rapid loading rate expected in crashes should not cause un-
expected changes in the force-versus-deformation characteristic

AL 2l 4
Vi une ueviLe.

. The device should resist loads in the opposite direction to the
stroking (rebound) or be able to stroke in either direction.

] The assembly in which the device is used should have the ability to
sustain tension and compression. (This might be provided by ore or
more enerqgy absorbers, or hy the basic structure itself.)

] The device should be as light and small as possible.

(] The specific energy absorption (SEA) should be high.

. The device should be economical.

*The term "failure" implies a rupture of restraint linkage, while the term
"collapse" pertains tc a state of active deformation with restraint integ-
rity maintainad.

67




. The device should be capable of being relied upon to perform satis-
factorily throughout tne life of the aircraft (a minimum of 10 years
or 8000 flight hours) without requiring maintenance.

. The device should be easily replaceable.

° The device should not be affected by vibration, dust, dirt, heat,
cold, or other environmental effects. It should be protected from
corrosion.

] The device(s) should decelerate the occupant in the most efficient
manner possible while maintaining the loading conditions within the
limits of human tolerance. A multiple-limit-load device, adjustable
for occupant weight, is desirable.

5.6 SEAT CUSHIONS

6§.6.1 General

The seat bottom and back cushions with which the occupant is in constant con-
tact should be designad for comfort and durability. Sufficient cushion thick-
ness of the appropriate material stiffness shouid be provided to preciude
body contact with the seat structure when subjected to either the specified
operational or crash loads. Seat bottoms made of fabric diaphragms should
have adequate clearance to prevent contact between the occupant and the seat
structure and should be provided wiith means of iighiening io compensate for
sagging during use.

For seat cushions, the problem is one of developing a compromise design that
will provide both acceptable comfort and safety. The optimum aircraft seat
cushion should:

) Be lightweight.

. Possess flotation capabilities.

. Be nonflammable.

° Be nontoxic; not give off fumes when burned, charred,
or melted.

] Be tough and wear resistant.
] Be easily changeable.

. Provide comfort by distributing the load and reducing
or eliminating load concentrations.

] Provide thermal comfort through ventiiation.
] Provide little or no rebound under crash loading.

) Minimize motion duving crash loading.
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5.6.2 Requirements

For seats of 1ight movable weight (iess than 30 1b), cushions should be com-
fortable with a maximum uncompressed thickness of 1-1/2 in., unless it can be
shown through analysis or through dynamic tests that the cushion design and
material properties produce a beneficial (reduced force transmissibility)
result.

For seats of greater movable weight, such as integrally armored seats, every
effort should be made to design a cushion that minimizes relative motion
between the occupant and the seat and that acts as a shock damper between the
occupant and the heavy seat mass. Again, dynamic analysis and/or testing
should be conducted to demonstrate that the cushion design produces a desir-
able system result over the aperational and crash impact conditions of inter-
est. In both lightweight and heavyweight seats the cushion should be as thin
as possible (without being uncomfortable) in order to minimize submarining.

5.6.3 Energy-Absorbing Cushions

The use of Tcad-Timiting cushions in lieu of load-limiting seats is undesir-
able. The only justifiable use of energy-absorbing cushions instead of load-
limited seats might be in retrofit circumstances where, because of limi-
tations in existing aircraft, another alternative does not exist.

$,6.4 Net-Type Cushions

This type of cushion serves the same purpose as the filled cushion; however,
a net material is stretched over a contoured seat frame, and the body is
supported by diaphragm action in the net rather than by deformation of a com-
pressible material. The net-type cushion might mere properly be called a net
support. If a net support is used in the seat, its rebound characteristics
should be capable of limiting the return movement from the point of maximum
deformation to 1-1/2 in. Net supports should not increase the probability of
occupant submarining or dynamic overshoot.

5.6.5 Seat Back Cushions

The back cushion should be of a lightweight foam material or net. The foam
can be a standard furniture type that meets the other requirements Tisted in
Section 5.6.2. Lumbar supports, particularly those that are adjustable by
the occupant, are desirable for comfort and because a firm Tumbar support
that holds the lumbar spine forward increases the tolerance to 4G, loading.

5.6.6 Headrests

A headrest should be provided for occupant head/neck whiplash protection.
Headrest cushions are used only to cushion head impact and prevent whiplash
injury due to backward flexure of the neck. The cushioning effect can be proy
vided by a thin pad and a deformable hcadrest or a thicker cushion on a more
rigid headrest. For a rigid headrest, the provisions of Section 5.13.10
should be applied, and at least 1.5 in. of cushion is desirable. If the
space limitations of the application prohibit this thickress, the cushion
should be at least 1 in. thick for compliance with MIL-$-58095.
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5.7 DESIGN PRINCIPLES FOR PERLONMEL RESTRAINT SYSTEMS

5.7.%1 4engral
fcatren,  adrnesses fay personnel should preovide the restraint necesszvy to
prevent injuries to all aircraft occupants in crash conditions approszhirg
the upper Timite of survivability. Apnrooriste strength analysis and tests
| as describad in Section 5 9 should be conducted to ensure that a restraint
sygtcm is acceptable, Qualities that a harness should possess are Tisted
bolow:

# Tt should be comfortable and light in weight.

) Jt should be easy for the occupant to put on and take off even in
the dark.

¢ It stould contain a single point release system, easy to operate
with one (e¢ither) hand since a debilitated person might have
difficully in reieasing more than one buckle with a specific hand.
Alsu, it should be protected from inadvertent release, e.g., caused
by the buckle being struck by the cyclic control or by inertial
loading.

) "¢ should provide personnel with freedom of movement to operate the
aircraft con.rols. This requirement rnecessitates the use of an
fnerLia reel du o conjunction with the shoulder harness.

] It should provide sufficient restraint in all directions to prevent
injury due to decelerative forces in a survivable crash,

] The wobbing should provide a maximum area, cotsistent with weight
and comfort, for force distribution in the upper torso and pelvic
regions and should be of low eiongation unger load to minimize
dynamic overshoot,

5.7.2 Types of Systems

5.7.2.1 Alrcrev Systems. The existing military lap helt and shoulder har- ”
ness configuration with a center Licdown strap as shown in Figure 23 should

be used by U S, Mrmy pilots.  The configuration shown in Figure 24 is pre-

forred becatse iU provides fmproved Tateral rvestraint due to the addition of

the reflected shoulder straps.  This system vesulted from the investigation

paported in Reforence 44, Detafls of the hardware in these systems are pre- b
sented o Section 7.% of Volume 1V,

5.7.2.2 Yrowp Systems,. Considecations in the sclection of a Lroop or pas
senger seal vestratal system are different from thone for an afrcorew system.
First of all, the secal may face forward, sideward, or attward.  Secondly, the
veslratnt system must be capable of being attached and removed quickly fnoan
operat fonal envivenment by ticops encumbered by varying types and quantitics
of cquipment . Alsy, whercen o pilot probably uees the vostradun system in
Wiy ahraralt so frequently that s ure Lecomes @ matter of hebit, troope and
nassengers are often unfamiliar with the system,  The effeets of this lack of
fam!Viar ity would poobably become nore proncunced fnoa combat stlualion when
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ITEM IDENTITY
3B
1. BUCKLE ASSEMBLY
A. SINGLE-POINT 0 ~ S
RELEASE BUCKLE

B. TIEDOWN STRAP - 3A
C.ACJUSTOR J ’
2. LAP BELT ASSEMBLY
A. AP BELT \
B. ADJUSTOR
3. SHOULDER HARNESS
ASSEMBLY 152 B -

-— 2
" e
A. INERTIAL REEL U /// 30
B. INCRTIAL REEL STRAP a [ >
C. LOWER SHOULDER J "36
STRAP . ]} 28)
D. ADJUSTOR L ¢ "'r.[',

\

FIGURE 23. BASIC AIRCREW RESTRAINT SYSTEM. (REFERENCL 1%)

the risk fnvolved in not vsing the restraint system becomes even highoer.
Thevefore, hardware should De uncomplicaled and, 1 pousible, resemble the
familiar, such os automubile restraints.

Two systems that resulted from the fuvestigation veported fn Reference 4% me

shown in Figure 2b. The Type 11 Lroop vestraint system fs proferved and con:
sists of a two strap shoulder harness and 4 Tap belt assembly.  The two
shoulder straps are attached to two stngle fuertia veels.  They oxtend for
ward and down over the occupant’s upper Lorso and ave connedted into the
sfngle polnt release, 10U tever buckle.  The Fap belt assembly tnglude;
Teft and vight-hand belts, with adjusters, that are connectod together at
the Tap biit Lucele, The Type T troop rostraint system 4 acceptable and
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ITEM IDENTITY

1. BUCKLE ASSEMBLY

A. SINGLE-POINT RELEASE BUCKLE

B. TEDOWN STRAP

C. TEDOWN ANCHOR
2. LAP BELT ASSEMBLY p :

A. LAP BELT \ A Y aA

B. RETRACTOR 4
3. SHOULDER HARNESS COLLAR

ASSEMBLY

A. PAD

B. ROLLER FITTING

C. ADJUSTER

D. LOWER SHOULDERK STRAP
4. INERTIA REEL ASSEMBLY

A. REFILECTED STRAP

8. ANCHOR
1
7
‘IOHWAHD i\/>

C. INERTIA REEL
FIGURE 24. AIKCREW RLSTRAINT SYSTEM, INCLUDING
REFLECTED SHOULDER STRAPS.

differs trom the Jype I1 restraint by having a single shoulder strap that
passes diagonally acruss the occupant’s upper torso.  tor side-facing seat.
it should pass over the shoulder closest Lo the nose of the aireraft. 1f the
Type T osystem §s uwued in cfther a forward or aft facinyg scat, the diagonal
shoulder strap should pass over the oulhoard shoulder Lo restrain the veeu
pant from protruding vulside the aivarafl during laterel lvading.

b.7.2.3 Crev, Chief ond Door/Mindow Gunner_Systems.  Bestraint systems

for ciew Chifefs and domr /window gurneers are similar to Lroop systems; how
ever, they must allow the orevmenber Lo move gul of the seat Lo uerforn
dutfcy such ay maneuver fng the qun or observing tail rotor dearance while
Vanding fnounprepared areas.  The system should restrain the occupant ty the
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IVEM IDENTITY

. NERTIA REEL {(OPTIONAL)
. SHOUILDER STRAP
. LAP BELT ANCHOR

. BUCKLE WITH SHOULDER
STRAP CONNECTION

LAP BELT
6. ADJUSTER/FITTING

o LN -

(]

TYPE 1 T1YPE X

FIGURE 25. AIRCRAFT TRCOP/PASSENGER RESTRAINT SYSTEMS.

seal the instant he returns to the scal and provide adequate restraint during
a «rash. The system should maintain the lap belt buckle in the proper rela-
tionship to the gunner, preventing the shoulder straps from pulling it up or
the Tap belt from pulling it sideways. Such a system has been desceribed in
Reference 46 and is shown in Figure 26, It consists of a lap belt with
inertia reels ¢n cach side of the seat and two shoulder stivans connocted in
an inverted Y arrangement to a3 single dnertia reel strap. The Tap belt with
thigh strap attachnent s easy to put on and prevents the Tap belt from rid
ing up during opevation oi the gun.  The Tap belt is plugged into the two
scal pan inertia reels when the crewnember s Lo be seated or is standing in
front of the scal. The shoutder havness and Tap belt wolh thigh straps may
serve as a "monkey harness” when the crewmember disconnects the two Jap belt
plag in fittings from the fnertia recls.  Tne vesultant contiguretion pormits
Lhe crevmember more extensive travel within the cabiin while still Leing con
vected to the shoulder harness fnerLia veel, thereby vestraining the crew
member from folling out of the airveraft,

9.7.2.4 Ipflatable Systemy. An automatically inflatable body and head re-
straint system (1BAHKRS) for helicopter crewnen has been Jointly developed and
tested by the Naval Adv Development Center and the Aviation Applicd Techingl
ugy Dnvectorate,  An f1lustrated in Flgw e 27, this systom provides fnorgased
crash pretection because 31U provides autematio pretensfoniog that forces the
occupant back in by seat, thereby vedoctng dynamic overshool and beducing
Strap Toading on Lhe wearer when the inflated vestrafnt 5 compressed dun fng
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ITEM IDENTITY

1 INERTIA REEL ‘

2. 8KOULDER STRAP

3 8HOULDER STRAP ADJUSTER  \

4 ATTACHMENT RELEASE BUCKLE /\

6. LAP BELT

6, LAP BELT INERTIA REEL

7. THIGH BTRAFB ’

& THIGH BTRAP ADJUSTER "

®.LAP BELT PLUG-IN FITTING { N

FIGURE 26. GUNNER RESTRAINT SYSTEM. (REDRAWN
FROM REFERENCE 46) . B

the crash.  The cencentration of strap loads on the body is reduced because é
of the increased bearing surface provided by the inflated restraint, and bolh -
head rotation and the possibility of whiplash induced trauma are also “ .
reduced. K

Atthough more complex and costly than conventional restrainl systems, such a
system may be Justified because of fts potential for fmproved occupant pro-

tection.  Development of the system and vesults of testing are documented in v
References 47 and 48, !

6.7.3 General Design Criteris
6.7.3.1 Coufort. tor obvivus reasons, comfort must nel be compromised by N
eranh survivel requivements,  The main comfert consideraticn for vestraint )

harnesses §s the absence of vigid hardware lTucated vver buny porLions of Lhe
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1B _ 3 RESTRAINT HARNESS/BLADDER

"R

=

INFLATORS ——

4 C
X 5-POINT ROTARY BUCKLE
(MIL-5.58095)
’ = CRASH SENSOR
3¢ \(PEMOTELOCAUON)
NORMAL DG PowER INFLATLD
FIGURE 27. INFLATABLE RODY AND HEAD RESTRAINT.
{REFERENCE 47)
torso. Alsu, hardware asscmblages that are tuo wide oy large, or are not con-
figured cfficiently Lo fit the desived Tocation on the hody, ceuld be uncom
fortable. Webbing thatl 15 luo wide or teo stiff could also canse discomfort
4 through creasing of the webbing or perspiration due v reduced ventilation,

5.7.3.2 Fumergency Belease Bequirements., A shoulder barness/lan belt combi
nalion should have a single point of velease that caon Le operoted by cithe
hand so that debilitaled ovcupants can quickiy free Lhewselves froe their re
strainl because of Lhe dangrrs of postorash Toe or sicking.  However, vibpa
tion, decclerative Toading, or contact with the occupant or aiveralt contioly
should ret fnedver Lently open the buckle, and the fnwentiongl release of the
vestraint harness with only one tinger shotudd yvequive af Teast L 16 (77225 new
tonn) of furee. Darther, the release should Le possible with the gocupant
hanging fnverted fo the yestrafnt system af Ler experyvencing g severe smvive
able crash. The foree vequived Lo velegse the systom with o 250 1h (114 ky)
voeupant frvertod oo crgsh should not cxceed S0 T (22709 newvans) .




In restraint systems other than the Type I of Figure 25, if a 1ift latch or
similar type buckle is used, the restraint system design should ensure that
the latch 1ifts from left to right on all installations. This will reduce the
possibility of reverse installations and the resulting confusion.

The release buckie should either have the capability to withstand the bending
moments associated with deflections and motions during loading, or it should
contain features that allow the fittings to align themselves with the loads,
thereby reducing or eliminating the moments. If belt loading direction is
such as to cause the strap to bunch up in the end of a slot, failure can
occur through initiation of edge tear. The fitting and motion angles illu-
strated in Figure 28 are recommended.

»
__,.»—"‘"_ 35‘. T —— L 4
\r MAX -
. Si;OULDER HARNESS
//_FHTTWNG
LAP BELT FITTING7
{MOTION
HANGE,
TYPICAL)
/‘R‘
0° 505 200
o
- SINGLE -POQ'NT
HLLLASE CUCKLL

1 -

FIGURE 28. BUCKLL FITTING ATYACHMENT AND MOTION ANGLES.

! JO the detegrity of the attachment of the 1itting within the buckle can be
compremised by votation, then votation shouid be completely eliminated.
Fliminating fitting votation in the 11at jlave of the buckle ding loading
way prove Lo be difficult §n Yightwelght systens.  Lxperfence ngs shown Lhat
fL 1y hetter to destgn the attachment of Lo {itting within the buckle to he
frnens P ive to vetation than to rely onvesbraining the fitling against

T
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rotation. 1or example, a round pin in a round hole would be prefereble to &
flat-faced doy which must seat on a flat face of a slot. In the laiter case,
a small amount of rotation can cause point loading of a corner of ihe dog
against one end of the slot. The noint 10ading can easily increase the
stress applied at the contact pcint to its ultimate bearing strength, which
resulis in deformation and the formation of a sloped surface which can act to
cam open the attachment machanism.

Further, the release mechanism (buckle) should be protected against acciden-
tai opening. Neither decelerative lcading of components nor contact with
aircraft controls, such as helicopter cyclic sticks, should open the device.
Required cockpit dimensions should be reviewec. It appears that the occupint
can be placed too close to the cyclic control in helicopters and that a fully
retracted cyciic head can contact the buckle. The buckle release machanism
should be protected acainst inadvertent release either during operation or in
a crash. It should be emphasized that, if contact between the cyclic control
and the buckle is possible in an operational mode, a considerable overlap can
exist during crash loading when the restraint system may be deformed forward
several inches,

5.7.3.3 lap Belt Anchorage. The actual anchorage point for the lap belt
may be located either on the seat bucket or on the basic aircraft structure,
although it is usually desirable to locate it on the sc¢at. If the anchorage
is Jocated on the basic aircraft structure, consideration should he given to
the movement of the seat when load-Timiting means are usecd so that the lap
halt restraint remains effective regardiwces of seat position. Longitudinal
Toad Timiting of the seat serves little purpose if the lap belt is attached
to tue basic structure; therefore, the belt should be attached to the seat
bucket itself.

The Yap belt should be anchored tuv provide oprimum restraint for the lower
torso when subjected to eyeballs-out (-G,) forces. One of the anchorage
variables which has an influence on vestraint optimizaticn is the location of
the Tap belt anchorage in the fore-and-aft divection. The important charac-
teristic is the angle in a vartical fore-and-aft plane belween a projection
of the Tap belt centerline and the buttock reference line, cor plane. This
angle defines the geomelrical reiationship between the Tonuitudinal and ver-
tical components of the beit load. A smail angle provides ar etficient pyln
for cuppcrting longitudinel loads while a largc angla provides an «fficient
system for supporting vertical loads. Thus, for supportioy large furward-
divected Toads, a smal? angle would be desirable, but for reacting the large
vertical loads imposed on the lap belt ny the loaded shuulder harness o large
angle is required.  The compromise for Jocation of whe anchoraye must con-
sider all the variables including the tendency for the occupanl Lo submarine
under the Yap belt.

A properly designed rostraint system should not allew submarining Lo occur,
but an efficient angle shoela be muintained to Vimiy the forward notion of
the occupant .,

Comfort 4. ancther corcern in Yap et anchaor Tocation. A pilul must vaise
and lower hin thighs during gperalzon of radder or antitogue pedals. Y the
Tap belt anchor 1y teu far furward, the Yap bel will pass wver e pidol’s
thighs forward of the oreave betvweon the Uoighe and the pelviy and Lhus nte
fere with veotical VYeg moifon.  F0 4ty fmportant, thercetore, to pusilion the

1)
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laz belt anchorage so that it provides optimum restraint while not interfer-
ing with the pilot’s operational tasks. A more forward location of the
anckor point does not reduce the comfort of passengers, since they do not
perform such tasks.

In order to satisfy comfort and crash safety requirements, the vertical angle
between the lap belt centerline and the buttock reference line as installed
on the 50th-percentile occupant should not be less than 45 degrees and should
not exceed 55 degrees, as shown in Figure 29. Further, it is desirable to lo-
cate the anchor point at or below the buttock reference line to maximize com-
fort and performance. [If the anchor point must be located ahove the buttock
reference line, as on most armored seats. the anchor point should be poasi-
tinaed to ensure that the belt angle lies within the desired 45- to %5-degree
range. For a system having a lap belt tiedown sirap to countaract the upward
force of the shoulder harness (e.g., in pilot seats), the Tap belt anchurs
should be positioned so that the cente.line of ihe Tap belt passes through
the seat reference veint. If the restraint system does not have a tiedown
strap (e.g., in passenger seats), the lap belt anchor should be positioned so
that the belt centerline passes through the buttock reference line 1.5 to

2.0 in. forward of the seat reference point. Thnis position provides suffi-
cient vertical Toad te counteract the upward force of the shoulder straps.
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For anchors that dv net fall on the buttock roference line, the angle between
the lap belt centerline and the buttuck reference line should be 45 degrees
for systems with tiedown straps and 55 degrees for those without,

For seats thar limit lateral motion of the occupant with structure, such as
in armored seats, the anchorage point and hardware should possess sufficient
flexibility and strength tc sustain design belt Toads when the belt is de-
flected laterally toward the center of the seat through an angle of up to

60 degrees from a vertical position, lhe side meticn of fittings on other
seats should also be capable of supporting design loads with the Tap belt
defliected laterally away from the center of the seat through an angle up to
4% dagrces from the vertical. These recommendations are made to ensure that
lateral lcading on the torsc will not result in lap belt anchorage failure.

5.7.3.4 Shoulder Harness Anchorage. The shoulder harness or inertia reel
anchorage can be located either on the seat back structure or on the basic
aircraft structure. although it is usually more desirable to locate it on the
seat, In placing the inertia reel, strap routing and possible reel interfer-
ence with structure during seat adjustment or en~rgy-absorbing siroke of the
seat must be considered. locating the anchorage on the basic aircraft stiruc-
ture may be the only practical approach for improving crash resistance in
Ti1ght aivcraft, particularly in retrofit applications. It will relieve a
large portion of the overturning moment applied to the seat under longitudi-
nal loading. However, due consideration must be given to the effect of seat
bucket movement in load-Timited seats. Vertical movement of the seat can b«
accommodatec by placing the inertia reel a sufficient distance aft of the
seat back shoulder strap quide so that scat vertical movement will change the
horizontal position and the angle of the straps very little.

Shoulder straps should pass over the shoulders in a plane perpendicular to
the back tangent line or at any upward (from shoulders to puli-off point)
angle not to exceed 30 degrees, as illustrated in the upper-left sketch in
Figure 30. A shoulder harness pull-off point should be at least 26.5 in.
above the buttock veference line; however, this dimensien should not be
increased, becausc then the harness would not provide adequate restraint for
Lhe sherter occupant.

The shoulder harness anchorage or guide at the top of the seat back snould
permit no more than 0.5 in. lateral movement (sTet no mere than 0.5 in. wider
than strap) tc ensure that the seal occupant is properly restrained later:
ally. The guide should provide smooth transitions to the slot. The transi-
tion contour should be of a radius no Tess tran 0.25 in. and should extend
compietely around the periphery of the slot to minimize edge wear on the
strap and redoce the possibility of webbing failure duce to contact with sharp
edges under high laading.  Also, the guide that the strap loads should be
sufficiently stiff to limit detlection under Toad. Lxcessive deflection can
produce edge loading and causc premature failwe of the webbing,

recomme: d for forward facing o ewmembers.  The Licdown strap anchorage
point scould be located on the scal pan centerline at ¢ point 14 Lo 1Y in.
forward of the seatl back For shorter seat pans, the ancher must be placed
as tar forwerd ay ponvible,

5.7.3.5 'ap Beli Tiedown §tcan Anchorage. A Tap belt tiedown strap is
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5.7.3.6 Adjustment Hardware. Adjusters should carry the full desiyn

load of their restraint system subassembiy without slipping, crushing, or
cutting the webbing. In extremely highly Toaded applications, this may re-
quire that the strap be double-reeved in a manner that allows the adjuster to
carry only one half of the strap assembly load. The force required to adjust
the length of webbing should not exceed 30 1b in accordance with existing
military requirements for harnesses. Insofar as possible, all adjustments
should be easily made with one (either) hand. Adjustment motions should be
toward the single-point release buckle to tighten and away from the buckle to
slacken the belts.

5.7.3.7 Location of Adjustment and Release Hardware. Adjusters should not
be located directly over hard points of the skeletal striucture, such as the
iliac crests of the pelvis or the collarbones. The lap belt adjuster should
be located either at the center of the belt near the release buckle or at the
side of the hips below the iliac crests, preferably the latter. The shoulder
strap adjusters should be located as low on the chest as possibie.

5.7.3.8 MWebbing Width and Thickness Requirements., Webbing requirements
are discussed in detail in Section 5.7.4.

£.7.3.9 Hardware Materials. Al1 materials used for the attachment of web-
bing (release buckles, anchorages, and length adjusters) should be ductile
encugh to deform locally, particularly at stress concentration points. A
minimum elongation value of 10 percent (as determined by standard tensile
test specimens) is recommended for all metal harness-fitting materials.
There are obviously some components that, for operational purposes, rely on
hardness. These components should be designed to perform their necessary
function but be made from materials as nearly as possible immune to brit{le
failures.

5.7.3.10 Structural Connections

5.7.3.10.1 Bolted Connections. The safety margins for shear and tensile
bolts in restraint systems should be 5 and 10 percent, respectively. Also,
bolts less than 0.25 in, in diameter should not be used in tensile applica-
itions. Wherever possibie ihe boits should be designed for shear rather than
tension. Because of the vibration environmenl in which seats operate, all
fasteners that affect the structural integrity should be self-locking or
Tock-wired,

$.7.3.10.2 Riveted Connections. The yuidelines presented in MIL-HDBK-5
(Reference 43) are rvecommended for restraint system hardware design.

5.7.3.10.3 Helded Connections. Acceptable welding proces<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>